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OF SALT RIVER PROJECT 
AGRICULTURAL IMPROVEMENT AND 
POWER DISTRICT IN CONFORMANCE 
WITH THE REQUIREMENTS OF 
ARIZONA REVISED STATUTES 

A CERTIFICATE OF ENVIRONMENTAL 
COMPATIBILITY AUTHORIZING THE 
EXPANSION OF ITS SANTAN 
GENERATING STATION, LOCATED AT 
THE INTERSECTION OF WARNER ROAD 
AND VAL VISTA DRIVE, IN GILBERT, 
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SECTIONS 40-360-03 AND 40-360.06, FOR 

NO. L-00000B-00-0 105-00000 

SRP'S COMPLIANCE FILING 
REGARDING CONDITION 38 OF 
THE CERTIFICATE OF 
ENVIRONMENTAL 
COMPATIBILITY 

I. INTRODUCTION 

The Salt River Project Agricultural Improvement and Power District (SRP) makes this 

filing in compliance with Condition 38 of the Certificate of Environmental Compatibility (CEC) 

for the expansion of the Santan Generating Station, Decision Number 63611 (the "Santan 

Expansion CEC"). Pursuant to Condition 38, SRP is required to perform an air emissions 

assessment of the plant and file a report with the Arizona Corporation Commission (ACC) 

identifying any changes to the plant or its operations that would reduce air emissions. ACC staff 

is then required to issue findings on the report including an economic feasibility study of the 

identified changes within sixty (60) days. Condition 38 then requires SRP to install any 

- 1 -  



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2c 

21 

22 

22 

24 

25 

2c 

identified air emission controls within 24 months of the filing date, absent an order from the 

ACC directing otherwise. 

SRP has completed the required assessment and is seeking a Commission order stating 

that no additional air emission controls are required at the Santan Generating Station at this time. 

SRP further requests that the Commission address certain ambiguities in Condition 38 by 

providing implementation guidance for kture reviews to SRP and Staff. 

11. DESCRIPTION OF THE SANTAN GENERATING STATION AND THE 
EXPANSION PROJECT 

The Santan Generating Station was originally constructed in the mid-1970s in Gilbert, 

Arizona near the intersection of Val Vista Drive and Warner Road. The initial plant consists of 

four units, each of which has a General Electric (GE) combustion turbine (CT), heat recovery 

steam generator (HRSG), and steam turbine. The combined generating capacity of these four 

“Legacy Units” is approximately 368 MW. In the early 2000s, SRP significantly reduced 

emissions from the Legacy Units by adding Dry Low-NO, Burners (DLN1) to reduce nitrogen 

oxide (NO,) emissions and oxidation catalysts to reduce carbon monoxide (CO) emissions. 

In the late 1990s in response to significant growth, particularly in the southeast valley, 

SRP applied to expand the Santan Generating Station. On May 1,200 1, the ACC issued a CEC 

approving the Santan Expansion Project. The Santan Expansion Project involved the addition of 

two units capable of generating nominally 825 MW, with seasonal variations. Unit 5 consists of 

two GE 7FA CTs (Units 5A and 5B) with low NO, combustors, two supplementary fired HRSGs 

with oxidation and Selective Catalytic Reduction (SCR) catalysts for CO and NOx control, 

respectively, and one steam turbine. Unit 5 was commissioned in 2005. Unit 6 consists of one 

GE 7FA CT with low NO, combustors, one HRSG with oxidation and SCR catalysts for CO and 

NOx control, respectively, and one steam turbine. Unit 6 was commissioned in 2006. 
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Environmental controls on both Units 5 and 6 are state-of-the-art and meet or exceed all 

applicable air quality requirements. 

111. CONDITION 38 REQUIRES A REVIEW OF EMISSIONS FROM THE PLANT 
EVERY FIVE YEARS. 

Due to its location within a residential community that developed around the plant in the 

late 1990s, the community was actively engaged in the siting process for the expansion project. 

The CEC includes 41 conditions, many of which address visual and emission mitigation 

measures for the generating station. SRP invested over $20,000,000 in mitigation enhancements 

at the plant and in the surrounding community including, but not limited to, extensive screening 

and landscaping of the plant, off-site landscaping measures in nearby neighborhoods, equestrian 

and bike trails, improvements to Warner Road and Val Vista Drive, school bus fleet conversions 

and street sweeper replacements. 

One of the conditions, Condition 38, requires SRP to conduct a review of the plant 

operations and equipment every five years to identify potential improvements to reduce plant 

emissions. Condition 38 states: 

Beginning upon commercial operation of the new units, Applicant shall conduct 
a review of the Santan Generating facility operations and equipment every five 
years and shall, within 120 days of completing such review, file with the 
Commission and all parties in this docket, a report listing all improvements 
which would reduce plant emissions and the costs associated with each potential 
improvement. Commission Staff shall review the report and issue its findings 
on the report, which will include an economic feasibility study, to the 
Commission within 60 days of receipt. Applicant shall install said 
improvements within 24 months of filing the review with the Commission, 
absent an order from the Commission directing otherwise. 

~ 

The Santan Expansion Project was completed in 2006. As a result, this is SRP’s first 

filing in compliance with the requirements of Condition 38. 
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IV. SARGENT AND LUNDY CONDUCTED AN EXTENSIVE ANALYSIS OF THE 
SANTAN GENERATING STATION EMISSIONS AND RECOMMENDS NO 
CHANGES TO OPERATIONS OR MAINTENANCE PRACTICES OR 
ADDITIONAL AIR EMISSIONS CONTROLS. 

To satisfl the requirements of Condition 38, SRP retained Sargent and Lundy, LLC 

(S&L) to conduct an emissions assessment for the Santan Generating Station. The result of that 

assessment is attached as Exhibit A, the “Salt River Project Santan Generating Station, Santan 

Emissions Assessment Report dated June 3, 2011.” Using a process similar to what an 

environmental regulatory agency would use to determine if air emission controls are necessary 

for a new or significantly modified facility, S&L reviewed the emission control technologies on 

generating units 1 through 6 and other emission sources at the facility including the cooling 

towers, emergency engines, abrasive blasting equipment and fuel storage tanks. S&L 

determined that the current controls are appropriate and recommends no additional control 

technologies at the Santan Generating Station at this time. 

According to the report, Units 5 (5A and 5B) and 6, permitted under the Santan 

Expansion CEC, are already equipped with state-of-the-art controls that would be required if 

they were permitted and constructed today. The report also recommends no changes to the 

cooling towers, emergency engines, abrasive blasting equipment or fuel storage tanks because 

either (1) appropriate controls are already in place or (2) the use of the equipment is minimal and 

additional controls would not be practical or cost-effective. In addition, S&L’s assessment did 

not find any opportunities where a change in operations and maintenance practices would help 

reduce air emissions. The report identified potential changes to the Legacy Units that would 

reduce NOx and CO emissions, but recommended no additional controls at this time as the cost 

of such technologies far outweigh the benefits. 
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Control Technology 

a. S&L's N0x assessment demonstrates that additional NOx controls are not 
cost-effective at this time. 

The NOx control technology assessment performed for the Legacy Units identified three 

control options that are considered technically feasible: (1) combustor upgrades; (2) SCR 

system; or (3) SCR system and combustor upgrades. S&L performed an economic evaluation 

for each NOx control option. 

The cost-effectiveness of controls was assessed on a dollar-per-ton removed basis. Table 

1 shows the average cost-effectiveness for each NOx control option. 

Total Total Total Total 
Annual 

O&M Cost costs 

Average Cost- 
Effectiveness Emissions Capital Cost Annual 

Reduction 
($/ton) ($1 

(tPY) ($/year) ($/year) 

Table 1. Summary of NO, Control Evaluation for Units 1-4'l) 

1 154.5 1 $69,560,000 SCR + Combustor 
Upgrades 

$3,802,000 $11,490,000 1 $74,369 1 
SCR 

Combustor Upgrades 

154.5 $49,612,000 $3,751,000 $9,235,000 $59,773 
103.1 $19,948,000 $75,000 $2,279,000 $22,104 

As shown above, the average cost-effectiveness of the NOx control options for Units 1-4 

range from $22,104 to $74,369 per ton. The average cost to reduce emissions is high because the 

total annual cost of the control technology is significant while the emission reductions are 

minimal. This is because current emissions fiom the units are already very low due to the 

emission control improvements SRP installed in the early 2000s and the limited use of these 

units. 

As noted in the S&L report, although specific thresholds for cost-effectiveness are no 

broadly defined by permitting authorities, they often identify levels at which controls art 
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Total Annual 
costs 

Total Annual 
O&M Costs 

($/year) ($/year) 

considered cost-effective on a proj ect-specific basis. Based on S&L' s review of publicly available 

evaluations, they concluded that it is fairly common for agencies to consider NOx control option3 

not cost-effective at levels exceeding $10,000 per ton NOx removed. The average cost- 

effectiveness for the identified NOx control technologies ranges fkom approximately $22,104 pel 

ton (combustor upgrades) to $74,369 per ton (SCR and combustor upgrades). The least cos1 

technological NOx control option is more than double the typical threshold. Therefore, the 

additional control options that were identified are considered cost-prohibitive at this time. 

Average Cost- 
Effectiveness 

($/ton) 

b. S&L's CO assessment demonstrates that additional CO controls are not 
cost-effective at this time. 

The CO control technology assessment identified three options that are Considered 

technically feasible: (1) combustor upgrades; (2) upgraded oxidation catalyst system; and (3: 

upgraded oxidation catalyst system and combustor upgrades. 

Cost-effectiveness of controls was assessed on a dollar-per-ton removed basis. Table 2 

$804,000 

$73,000 

shows the average annual cost-effectiveness for each CO control option. 

$3,868,000 $155,341 

$2,277,000 $464,694 

Table 2. Summary of CO Control Evaluation for Units 1-4'') 

Control Technology 

CO Catalyst System 
Upgrades 
CO Catalyst System 
Upgrades and 
Combustor Upgrades 
Combustor Upgrades 
and Existing CO Catalyst 
System 

~~ 

Total 
Emissions 
Reduction 

(tpv) 

24.9 

24.9 

4.9 

Total Capital 
cost 

($1 

$7,784,000 

$27,732,000 

$19,948,000 

$731,000 I $1,591,000 I $63,895 

(l)Values presented in table are combined totals for the Santan Generating Station Units 1-4. 
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The information above shows that the average annual cost-effectiveness of the CO 

control options for Units 1-4 ranges from $63,895 to $464,694 per ton. The average annual cost 

to reduce emissions is high because the total annual cost of the control technology is significant 

while the emission reductions are minimal. As with the NOx controls, this is because emissions 

from the units are already very low due to the emission control improvements SRP installed in 

the early 2000s and the limited use of these units. 

As noted in the S&L report, although specific thresholds for cost-effectiveness are not 

generally defined by permitting authorities, these agencies often identify levels at which controls 

are considered cost-effective on a project-specific basis. Based on its review of publicly 

available evaluations, S&L concluded that it is fairly common for agencies to consider CO 

control options “cost prohibitive” at levels exceeding $4,000 per ton CO removed. The average 

cost-effectiveness for the identified CO control technologies ranges from approximately $63,895 

per ton (CO catalyst upgrades) to $464,694 per ton (CO combustor upgrades and existing CO 

catalyst system). Therefore, the additional control options that were identified are considered 

cost-prohibitive at this time. 

VII. IN ADDITION TO THE S&L RECOMMENDATIONS, OTHER REASONS 
EXIST FOR NOT REQUIRING ADDITIONAL CONTROLS AT THIS TIME. 

a. 

The Santan Generating Station currently operates pursuant to an air quality operating 

permit issued by the Maricopa County Air Quality Department (MCAQD). The permit includes 

the combined emission limits for the Legacy Units and separate combined emission limits for 

Units 5A, 5B and 6. The permit was issued in conjunction with the Santan Expansion Project. 

With the advanced technology associated with the new units and the installation of emission 

controls on the Legacy Units, the plant’s nominal capacity increased approximately 825 MW 

Emissions are well below the permitted amounts. 
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with a decrease in total actual emissions. MCAQD included the combined emission limits for 

the entire plant in the permit to make the emission reductions associated with the Santan 

Expansion Project enforceable. 

Since the completion of the new units, actual emissions from the Santm Generating 

Station have remained well below the combined emission limits for all regulated pollutants. To 

illustrate this point, Figure 1 shows NO, emissions in comparison with the permit limits for each 

year since the expansion project was completed. The plant emits less than 20% of the permitted 

levels of NOx. Because emissions are well below the permitted limits, the additional control 

options evaluated in this report are not necessary at this time. 

Figure 1. Comparison of Emissions with Permit Limit 

Permit Limit = 1,056.0 tpy 

1,000 
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b. 

Since commencement of operation in the early 1970s, emissions from the Santan 

Generating Station have decreased substantially. As previously stated, an emission control 

project was completed in the early 2000s in which the Legacy Units were retrofitted with Dry 

Low-NO, Burners (DLN1) to reduce NO, and oxidation catalysts to reduce CO emissions. The 

decrease in NO, emissions from the Legacy Units as a result of the emissions control project is 

shown in Figure 2. In 2000, NOx emissions from the Legacy Units exceeded 2,000 tons. After 

the installation of DLN 1 controls, emissions from the Legacy Units decreased significantly, 

averaging 136 tons per year over the last 5 years (2005-2009). 

The Emissions from the Legacy Units have already been significantly reduced. 
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Figure 2. NO, Emissions from Units S 1  through S4 
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The same is true for CO emissions. Figure 3 shows the CO emissions from the Legac 

Units before and after oxidation catalysts were installed. The CO emissions were significani 

reduced following the installation of the oxidation catalysts on the Legacy Units. 
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Figure 3. CO Emissions from Units S 1  through S4 
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C. The Legacy Units are not used very often, further limiting emissions. 

The emission controls added in the early 2000s had a significant impact on the amount of 

NOx and CO released by the plant. Another contributing factor was the plant’s low capacity 

factor. Capacity factor is the ratio of the actual output of a power plant divided by its potential 

output. For example, a 100% annual capacity factor would indicate that a unit was online 

producing power at full load for the entire year. The annual average capacity factor for the 

Legacy Units was 10.6% over the past 5 years and, during the last two years, dropped to just 

7.5%. 
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While they do not operate very often, the Legacy Units provide critical power during 

peak times and are essential to maintaining the reliability of SW’s generation and transmission 

system. Due to their fast startup, 90 minutes or less, these units are often called upon to help 

meet peak power demand. These units also provide stability to the overall electrical system and 

could be needed to provide power when a larger, slower starting coal unit trips offline. Given 

their quick startup time, these units also are beneficial for voltage control throughout the 

transmission system. 

Although they are an essential part of SRP’s generation portfolio, the operation of these 

units is minimal and emissions remain well below the permitted levels. 

d. Since no additional emission controls are recommended, externalities are not 
implicated. 

Externalities are typically referred to as hidden costs such as societal implications 

associated with power generation technologies. Externalities are often discussed in the context 

of a decision to build a new power plant. SRP’s proposal does not have any associated 

externalities since no changes at the Santan Generating Station are recommended at this time. 

e. The Legacy Units emit a relatively small quantity of NOx or CO emissions 
compared to other sources in Maricopa County. 

To provide perspective on the impact of the Legacy Units at the Santan Generating 

Station to air quality in Maricopa County, Figures 4 and 5 compare actual NOx and CO 

emissions from Units 1 through 4 with other NOx and CO emission sources in Maricopa County, 

respectively. The data in these charts was obtained f?om the most recent NOx and CO emission 

inventories compiled by MCAQD for calendar year 2005. As can be seen in these figures, NOx 

emissions from the Legacy Units account for less than 0.1% of total emissions in Maricopa 

County, and CO emissions from the Legacy Units account for less than 0.01% of total emissions 

in Maricopa County. 
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Figure 4. Comparison of Emissions with Other Maricopa County NO, Sources 
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Figure 5. Comparison of Emissions with Other Maricopa County CO Sources 
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Therefore, the control options evaluated in this report are unlikely to have a measurable 

This further supports the conclusion that no impact on air quality in Maricopa County. 

additional controls are justified at this time. 

As SRP determines the need for the development of future generating stations in the 

Valley to meet SRP’s future load growth, SRP may need to identifl and acquire emission offsets 

by adding emission controls to existing facilities. Should offsets be required, SRP would 

anticipate assessing the Santan Generating Station with other available opportunities to 

determine if offsets are feasible. 
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f. The Santan Neighborhood Committee supports the S&L recommendations. 

SRP presented the S&L report to the Santan Neighborhood Committee which is 

comprised of representatives from the nearby homeowner associations, county residents and 

government officials. The committee was formed as a condition of the CEC and monitors SRP’s 

compliance obligations with respect to noise and air quality. It also provides a forum for SRP to 

inform neighbors of activities at the plant. 

After reviewing the report, the committee issued a letter supporting S&L’s 

recommendation that SRP not be required to install additional air emission controls at this time. 

A copy of this letter is attached to this pleading. 

VIII. THE COMMISSION SHOULD ESTABLISH A MORE COMPREHENSIVE 
IMPLEMENTATION PROCESS FOR CONDITION 38. 

SRP is seeking guidance from the Commission regarding the future implementation of 

Condition 38. There are significant questions about how the compliance process should work 

and whether the deadlines are feasible. SRP believes that some ambiguities exist in Condition 38 

and meeting the established timelines is not possible. 

Condition 3 8 provides: 

Beginning upon commercial operation of the new units, Applicant shall conduct a 
review of the Santan Generating facility operations and equipment every five years 
and shall, within 120 days of completing such review, file with the Commission 
and all parties in this docket, a report listing all improvements which would reduce 
plant emissions and the costs associated with each potential improvement. 
Commission Staff shall review the report and issue its findings on the report, which 
will include an economic feasibility study, to the Commission within 60 days of 
receipt. Applicant shall install said improvements within 24 months of filing the 
review with the Commission, absent an order from the Commission directing 
otherwise. 

As the Condition requires the installation of any identified improvements, it is unclear 

what air emission control technologies SRP would be required to install. The current S&L report 

identifies at least three different options for emission controls that could be installed on the 
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Legacy Units. Absent an order from the Commission, SRP would have no clear guidance on 

what specific technologies to install and could arguably be required to install duplicative and 

inconsistent technologies. 

The Condition also requires the controls be implemented within 24 months of filing the 

Because of permitting, equipment acquisition and other report with the Commission. 

requirements, SRP believes that meeting this timeframe is not possible. 

Prior to implementing changes at the Santan Generating Station, SRP is required to 

submit an application for an air quality permit revision to MCAQD. There are several types of 

permit revisions including minor and significant revisions. Minor revisions include a 45-day 

EPA review period and, as a result, can require several months to complete. In the case of a 

minor revision with pre-construction review, SRP cannot commence construction of the change 

until a draft permit revision is issued by MCAQD. Significant revisions include a 45-day EPA 

review and 30-day public notice period, and can often take over a year to complete. In the case 

of a significant revision, SRP cannot commence construction of the change until the final permit 

revision is issued. Although emission control projects can typically qualify for a minor revision, 

the type of permit revision that is required is a decision that is made on a case-by-case basis by 

MCAQD for each project. 

There are several notable uncertainties surrounding the current timefiames in which 

permit revisions can realistically be processed and issued by MCAQD. As a result of the 

economic downturn, the air quality permitting staff at MCAQD has been reduced considerably. 

Although their staff has generally been able to continue to issue permits in a timely manner, their 

ability to do so is entirely dependent on the workload being managed and the complexity of the 

permit revision requests. 

Additional time may be necessary to stage the installation of any improvements to each 

unit. As mentioned earlier in the report, the units are primarily used as peaking units to meet 
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increased energy demands in the early evening during the summer and in the morning and 

afternoon during the winter. If the construction work would place the units out of service during 

these periods, the work would have to be staged, making it even more difficult to meet the 24- 

month deadline. 

It is also unclear when the five-year review would begin after new controls have been 

implemented. The Condition does not specify if the review period continues based on the date 

Units 5 and 6 were originally put into service or is now based on the in-service date of the new 

controls. SRP suggests that the later date would be the most efficient to allow time for the 

development of new emission control technology between reviews. 

The intent of Condition 66 in the Springerville CEC, Case Number 74, Decision Number 

65347, is similar to Condition 38. It requires a five-year review, a report identifying 

improvements that would reduce emissions and a Staff assessment of the report. But installation 

of the controls is only required if the Commission holds a hearing within 24 months of the filing 

and determines if any of the improvements listed in the study are necessary and economically 

feasible. 

SRP seeks an order that would establish the following for future five-year reviews: (1) 

the installation of any emission controls would only be required 48 months after an order issued 

by the Commission identifying the specific air emission controls and directing their installation; 

and (2) the in-service date of any new control technology or operating methodology will be the 

effective date for the next five-year review period. 

The foregoing changes would establish a clear implementation process without 

modifying the intent of the condition. In addition, to address uncertainties related to the 

timeframe needed to review and issue permit revisions, it is important that sufficient time is 

allowed for SRP to obtain a permit revision to authorize any hture emission reduction project 

that might be pursued at the Santan Generating Station. 
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IX. CONCLUSION 

Based on S&L's recommendations, the already low NOx and CO emissions fiom the 

Legacy Units and their limited use, SRP has concluded that the potential improvements to the 

Santan Generating Station are not cost-effective. Therefore, SRP respectfully requests the 

Commission issue an order stating that no additional air emission controls are required at the 

Santan Generating Station at this time. 

SRP further requests that the Commission provide implementation guidance by ordering 

(1) the installation of any emission controls based on future reviews would only be required 48 

months after an order issued by the Commission identifying the specific air emission controls 

and directing their installation; and (2) in the event new controls or a new operating methodology 

is required, the in-service date of the new controls or operating methodology is the effective date 

for the next five-year review period. 

RESPECTFULLY SUBMITTED this 1st day of July, 201 1. 

SALT RIVER PROJECT AGRICULTURAL AND 
IMPRQVEMENT DISTRICT 

BY 
Ke1,y J. Barr v u ' - 
sad River Project 
P. 0. Box 52025, PAB 221 
Phoenix, AZ 85072-2025 
Telephone (602) 236-5262 

Robert R. Taylor 
Salt River Project 
P. 0. Box 52025, PAB 221 
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June 8,2011 

Dear Commissioners: 

On behalf of the Santan Neighborhood Committee, I am writing in support of Salt River 
Project’s (SRP) request regarding Condition 38 in the Santan Expansion Certificate of 
Environmental Compatibility, Decision No. 63611 (the “CEC”). We support the 
recommendations of the Sargent and Lundy report that SRP should not be required to install 
additional air emission controls a t  the Santan Generating Station (SGS) a t  this time. 

The Santan Neighborhood Committee was formed as a requirement of Condition 19 in the CEC. 
The Condition required SRP to establish a citizens committee to monitor air and noise 
compliance, and water quality reporting. The Committee is comprised of representatives from 
the Arizona Department of Health Services, Maricopa County Air Quality Department, the Town 
of Gilbert, adjacent homeowners associations (Cottonwood Crossings, Finley Farms South, 
Rancho Cimarron, Silverstone Ranch and Western Skies), the county island near SGS and a 
resident of Gilbert who is a registered professional engineer. Since i ts  initial creation, the role 
of the Committee has expanded to provide a forum in which SRP advises the plant’s neighbors 
on activities a t  SGS, and neighbors have an opportunity to provide feedback to SRP. 

We have reviewed the Sargent and Lundy report. Based on the report, we agree that the costs 
associated with the identified improvements outweigh the benefits a t  this time. We do not 
think it is good use of resources to require additional emission controls on Units 1 through 4 
when they have such limited use. We ask the Commission to continue to require five-year 
reviews in the event that conditions change and additional controls become cost effective in 
the future. 

We thank the Commission in advance for your consideration of our recommendation. 

Sincerely, 

I v y M o  
Chair Santan Neighborhood Committee 
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NOTICE 

This Document was prepared by Sargent & Lun& L.L.C., expressly for the sole use of Salt River Project in 
accordance with the agreement between S a  and Client. This Deliverable was prepared using the degree of skill 
and care ordinarily exercised by engineers practicing under similar circumstances. Client acknowledges: ( I )  S&L 
prepared this Deliverable subject to the particular scope limitations, budgetary and time constraints, and business 
objectives of the Client; (2) information and data provided by others may not have been independently verijied by 
S&L; and (3) the information and data contained in this Deliverable are time sensitive and changes in the data, 
applicable codes, standards, and acceptable engineering practices may invalidate the jindings of this Deliverable. 
Any use or reliance upon this Deliverable by thirdparties shall be at their sole risk. 
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Abbreviation or Acronym Explanation 

ACC Arizona Corporation Commission 

BACT Best Available Control Technology 

Btu British thermal unit 

CEC Certificate of Environmental Compatibility 

CEMS continuous emission monitoring system 

co carbon monoxide 

CT combustion turbine 

DLN dry low NO, 

EPA U.S. Environmental Protection Agency 

EGU electric generating unit 

GE General Electric 

GHG greenhouse gas 

g/kW-hr grams per kilowatt-hour 

aJm gallons per minute 

gr/ft3 grains per cubic feet 

HC hydrocarbon 

H2S04 sulfuric acid 

hP horsepower 

hr hour 

HRSG heat recovery steam generator 

in inches 

kW kilowatt 

kWh kilowatt-hour 

LAER Lowest Achievable Emission Rate 

Ib pound 

d t u  million British thermal unit 

MCAQD 

MW megawatt 

NGCC natural gas combined cycle 

"3 ammonia 

NOx nitrogen oxide 

NSPS New Source Performance Standards 

NSR New Source Review 

O&M operations and maintenance 

0 2  oxygen 

Maricopa County Air Quality Department 
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Abbreviation or Acronym 

OEM 

O F  

PM 

PMlO 

PM2.5 

PPm 
PSD 

S&L 

SCR 

SGS 

so2 
SRP 

ST 

TDS 

Exdanation 

original equipment manufacturer 

degrees Fahrenheit 

particulate matter 

particulate matter (10 micrometers and smaller) 

particulate matter (2 .5 micrometers and smaller) 

parts per million 

Prevention of Significant Deterioration 

Sargent & Lundy, LLC 

selective catalytic reduction 

Santan Generating Station 

sulfur dioxide 

Salt River Project 

steam turbine 

total dissolved solids 

tons per year tPY 
voc volatile organic compound 
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EXECUTIVE SUMMARY 

Sargent & Lundy, LLC (S&L) has been retained by Salt River Project (SRP) to perform an 
emissions assessment for the Santan Generating Station (SGS). SGS includes seven (7) gas-fired 
combined cycle units capable of generating a total of nominally 1,193 MW with seasonal 
variations. 

Units 1 through 4 (S-1, S-2, S-3, S-4) each include a GE 7EA combustion turbine (CT), heat 
recovery steam generator (HRSG), and steam turbine. Units 1 through 4 are capable of 
generating approximately 368 MW. Units 1, 2, and 3 were commissioned in 1974 while Unit 4 
was commissioned in 1975. Emissions control improvements consisting of installation of DLNl 
combustors and CO oxidation catalyst to reduce NO, and CO emissions were implemented 
between 2000 and 2004. These emissions control improvements were implemented per 
Conditions 32 and 37 of the Arizona Corporation Commission’s (ACC) Certificate of 
Environmental Compatibility (CEC) for the Santan Expansion Project issued on May 1, 200 1. 

The Santan Expansion Project is comprised of Units 5 and 6. Unit 5 (S-5A, S-5B) includes two 
GE 7FA CTs with low NO, combustors, two supplementary fired HRSGs with CO and SCR 
catalyst for CO and NOx control, and one steam turbine (S-5s). Unit 5 was commissioned in 
2005. Unit 6 (S-6A) consists of one GE 7FA CT with low NO, combustors, one HRSG with CO 
and SCR catalyst for CO and NOx control, and one steam turbine (S-6s). Unit 6 was 
commissioned in 2006. Units 5 and 6 are capable of generating nominally 825 MW. 

In addition to the electric generating units, the following emission sources are installed at the 
facility: cooling tower, emergency engines, abrasive blasting equipment, and fuel storage tanks. 

This assessment has been prepared in accordance with Condition 38 of the ACC CEC for the 
Santan Expansion Project. Condition 38 states: 

“Beginning upon commercial operation of the new units, SRP shall conduct a review of 
the Santan Generating facility operations and equipment every Jive years and shall, within 
120 days of completing such review, file with the Commission and all parties in this 
docket, a report listing all improvements which would reduce plant emissions and the 
costs associated with each potential improvement. 

Commission staff shall review the report and issue its Jindings on the report, which will 
include an economic feasibility study, to the Commission within 60 days of receipt. SRP 
shall install said improvements within 24 months ofJiling the review with the Commission, 
absent an order from the Commission directing otherwise. ’’ 

This evaluation includes information necessary to meet the objectives set forth in Condition 38 of 
the CEC. S&L performed the emissions assessment in two phases; Phase 1 - “Data Collection I 
Evaluation & Initial Assessments” and Phase 2 - “Development of Emissions Reduction 
Options.” Based on the results of Phases 1 and 2, S&L developed a list of potential emissions 
improvements for SGS. 

The first phase of the evaluation included data collection and initial emissions assessments. S&L 
conducted an assessment of the current emissions at SGS in order to determine which pollution 
control technologies should be evaluated in detail. In addition to evaluating emissions from the 
seven natural gas fired combined cycle generating units (Units S-1, S-2, S-3, S-4, S-5A, S-5B, S- 
6A), S&L evaluated emissions from the diesel engines, cooling towers, and abrasive blasting 
equipment. S&L also visited SGS to meet with plant personnel to understand how various 
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equipment and systems are operated and maintained. During the site visit, S&L performed a 
constructability walk down to identify site and space constraints that could affect the 
implementation of potential environmental upgrades. 

Based on the results of the “Phase 1” emissions assessment, there is potential for reducing CO 
and NO, emissions from Units 1-4. Therefore, emissions improvements for Units 1-4 were 
further evaluated in the “Phase 2” evaluation. For other SGS emissions sources, improvements 
were not further evaluated based on the following: (1) Units 5-6 are currently operating at or 
below levels generally required for similar, recently permitted facilities, they are equipped with 
the same state-of-the-art technology that would be used if they were permitted and constructed 
today, and, based on S&L’s engineering judgement, any physical changes to the units would cost 
well in excess of normal thresholds for cost effectiveness, (2) cooling towers currently include 
mist eliminators designed to achieve 0.0005% drift, (3) diesel engine improvements are not 
practical due to limited annual operation, (4) a new dust collector has been installed on the 
abrasive blasting equipment, ( 5 )  the gasoline storage tank vapor losses are minimized due to 
proper tank design, fuel handling procedures, and limited annual gasoline throughput, and, based 
on S&L’s engineering judgement, modifications to reduce emissions any further, such as 
employing vapor recovery systems used at high throughput commercial gas stations, would not be 
cost effective, and (6) the key elements of a comprehensive O&M program are utilized at SGS. 
The results of the “Phase 1” emissions assessment are discussed in detail in Section 4 of the 
report. A summary of the results of the “Phase 1” emissions assessment is provided in Table ES- 
1. 
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The “Phase 2” analysis performed for Units 1-4 generally follows a “top-down” approach that is 
used in permitting new major sources of air emissions or modifications to existing major source. 
A similar process has been used by state and county agencies in evaluating NO, emission controls 
at existing stationary sources as part of a regional ozone attainment strategy. The “top-down” 
approach used in this evaluation includes the following steps for each emission source and 
pollutant that is being evaluated: 

1. Identify potential control technologies; 
2. Eliminate technically infeasible control options; 
3. Rank the remaining control technologies by control effectiveness; 
4. Evaluate the control technologies, starting with the most effective for: 

- economic impacts, 
- environmental impacts, and 
- energy impacts. 

5 .  Summary of potential emissions improvements. 

The NO, control technology assessment identified three options that are considered technically 
feasible and commercially available for control of NO, emissions from Units 1-4: (1) combustor 
upgrades, (2) selective catalytic reduction (SCR) systems, and (3) SCR systems and combustor 
upgrades. An economic evaluation performed for each option indicates that, based on the use of 
actual annual emission rates and capacity factors, the average cost effectiveness ranges from 
approximately $22,104 per ton (combustor upgrades) to $74,369 per ton (SCR + combustor 
upgrades). 

EPA has not defined a cost threshold at which NO, control technologies for existing power plants 
are considered “cost effective.” Cost effectiveness thresholds are typically set at the discretion of 
regulating agencies on a project-specific basis. However, based on a review of publicly available 
documents, it is common for agencies to consider NO, control options “cost prohibitive” at levels 
exceeding Sl0,OOO per ton NO, removed (see Attachment 8 for a table of reference documents). 
Therefore, based on the range of costs identified for SGS Units 1-4 NO, control options, and an 
assumed cost effectiveness threshold of S 10,000 per ton NO, removed, NO, emissions 
improvements for SGS Units 1-4 would be considered cost prohibitive. A summary of the “Phase 
2” NO, emissions assessment for Units 1-4 is presented in Table ES-2. 

ES-5 
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Total 
Emissions 
Reduction 

@PY) 

154.5 

Table ES-2. Summary of NO, Control Evaluation for Units 1-4(’) 

Combustor 
Upgrades 

Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 

103.1 

NA 

SCR 154.5 

Total Capital 
cost 

($1 

$69,560,000 

$49,612,000 

$19,948,000 

NA 

Total Annual 
O&M Cost 

($/year) 

$3,802,000 

$3,751,000 

$75,000 

NA 

Total Annual 
costs 

($/year) 

$11,490,000 

$9,235,000 

$2,279,000 

NA 

June 3,201 1 

Average Cost 
Effectiveness 

($/ton) 

$74,369 

$59,773 

$22,104 

NA 

( 1 )  Values presented in table are combined totals for SGS Units 1-4. 

The CO control technology assessment identified three options that are considered technically 
feasible and commercially available for control of CO emissions from Units 1-4: (1) combustor 
upgrades, (2) upgraded oxidation catalyst system, and (3) upgraded oxidation catalyst system and 
combustor upgrades. An economic evaluation performed for each option indicates that, based on 
the use of actual annual emission rates and capacity factors, the average cost effectiveness ranges 
from approximately $63,895 per ton (CO catalyst upgrades) to $464,694 per ton (CO catalyst + 
combustor upgrades). 

EPA has not defined a cost threshold at which CO control technologies for existing power plants 
are considered “cost effective.” Cost effectiveness thresholds are typically set at the discretion of 
regulating agencies on a project-specific basis. However, based on a review of publicly available 
documents, it is common for agencies to consider CO control options “cost prohibitive” at levels 
exceeding $4,000 per ton CO removed (see Attachment 8 for a table of reference documents). 
Therefore, based on the range of costs identified for SGS Units 1-4 CO control options, and an 
assumed cost effectiveness threshold of $4,000 per ton CO removed, CO emissions 
improvements for SGS Units 1-4 would be considered cost prohibitive. A summary of the “Phase 
2” CO emissions assessment for Units 1-4 is presented in Table ES-3. 

Based on the average cost effectiveness of technically feasible control options and assumed cost 
effectiveness thresholds, we recommend that SRP not add any additional NO, or CO emission 
controls to SGS Units 1-4 at this time. 
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Table ES-3. Summary of CO Control Evaluation for Units 1-4(') 

Total 
Emissions 
Reduction 

@PY) 

24.9 

24.9 

Total Capital 
cost 
($) 

Total Annual 
O&M Costs 

($/year) 

Total Annual 
costs 

($/year) 

Average Cost 
Effectiveness 

(%/ton) 

Control 
Technology 

CO Catalyst 
System Upgrades $7,784,000 $731,000 $1,591,000 $63,895 

CO Catalyst 
System Upgrades 
and Combustor 
Upgrades 

$27,732,000 $804,000 $3,868,000 $155,341 

Combustor 
Upgrades and 
Existing CO 
Catalyst System 
Baseline 
Combustion 
Controls @LN1 
Combustors) and 
Existing CO 
Catalyst System 

4.9 $19,948,000 $73,000 $2,277,000 $464,694 

NA NA NA NA NA 

(1) Values presented in table are combined totals for SGS Units 1-4. 

Summary Level project schedules for development, design, construction, and startup of the options were 
also developed. The schedules suggest that permitting timelines (including uncertainty associated with 
greenhouse gas permitting requirements), and constructability issues that could preclude activities being 
completed on multiple units simultaneously, would in most circumstances prevent the work from being 
completed in accordance with the 24 month time frame established in Condition 38 of the Santan CEC. 

ES-7 
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1 INTRODUCTION 

Sargent & Lundy, LLC (S&L) has been retained by Salt River Project (SEW) to perform an 
emissions assessment for the Santan Generating Station (SGS). This assessment has been 
prepared in accordance with Condition 38 of the Arizona Corporation Commission’s (ACC) 
Certificate of Environmental Compatibility (CEC) for the Santan Expansion Project issued on 
May 1,2001 (see Attachment 1). Condition 38 states: 

Beginning upon commercial operation of the new units, SRP shall conduct a review of the 
Santan Generating facility operations and equipment every jive years and shall, within 
120 days of completing such review, j l e  with the Commission and all parties in this 
docket, a report listing all improvements which would reduce plant emissions and the 
costs associated with each potential improvement. 

Commission staff shall review the report and issue its jindings on the report, which will 
include an economic feasibility study, to the Commission within 60 days of receipt. SRP 
shall install said improvements within 24 months ofjiling the review with the Commission, 
absent an orderji-om the Commission directing otherwise. 

This evaluation includes information necessary to meet the objectives set forth in Condition 38 of 
the CEC. Information is presented in the following sections: 

Section 2 - Facility Description contains information describing SGS and emissions sources 
considered in the evaluation. 

Section 3 - The Evaluation Process provides a description of the steps that were included in the 
review of the facility’s operations and equipment with respect to identifying potential 
improvements that would reduce plant emissions. 

Section 4 - Phase 1 Evaluation: Current Emissions provides a description of current plant 
wide emissions and identifies potential emissions improvements. 

Section 5 - Phase 2 Evaluation: Emissions Reduction Options presents an evaluation of 
potential control options and associated costs with options that are deemed technically feasible. 

Section 6 - Conclusion identifies potential emissions improvements for SGS. 
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2 FACILITY DESCRIPTION 

The Santan Generating Station is located at 1005 South Val Vista Drive, Gilbert, Arizona. The 
Facility operates under the Title V Air Quality Permit V95-008, and has a total of seven (7) 
electric generating units (EGU). 

Units 1 through 4 (S-1, S-2, S-3, S-4) each include a GE 7EA combustion turbine (CT) with 
DLNl combustors for NOx control, heat recovery steam generator (HRSG), and CO oxidation 
catalyst for CO control. Units 1 through 4 are capable of generating approximately 368 MW. 
Units 1, 2, and 3 were commissioned in 1974 while Unit 4 was commissioned in 1975. 
Emissions control improvements consisting of installation of DLNl combustors and CO 
oxidation catalyst to reduce NO, and CO emissions were implemented between 2000 and 2004. 
These emissions control improvements were implemented per Conditions 32 and 37 of the ACC's 
CEC for the Santan Expansion Project issued on May 1,200 1. 

The Santan Expansion Project is comprised of Units 5 and 6. Unit 5 (S-5A, S-5B) consists of two 
GE 7FA CTs with low-NO, combustors, two HRSGs with CO and SCR catalyst for CO and NOx 
control, and one steam turbine (S-5s). Unit 5 was commissioned in 2005. Unit 6 (S-6A) consists 
of one GE 7FA CT with low-NO, combustors, one HRSG with CO and SCR catalyst for CO and 
NOx control, and one steam turbine (S-6s). Unit 6 was commissioned in 2006. Units 5 and 6 are 
capable of generating nominally 825 M W .  

In addition to the electric generating units, the following emission sources are installed at the 
facility: 

Cooling Towers 

o CT1: One 101,500 gpm mechanical draft, cross flow cooling tower, in operation 
since 1973 

o CT5: One 172,923 gpm mechanical draft, counter flow cooling tower, in 
operation since 2004 

CT6: One 80,755 gpm mechanical draft, counter flow cooling tower, in operation 
since 2005 

o 

0 Emergency Engines 

o One 3 10 hp diesel-fired emergency fire water pump certified to meet EPA Tier 1 
emissions standards, in operation since 2004 

One 830 hp diesel-fired emergency generator certified to meet EPA Tier 1 
emissions standards, in operation since 2004 

One 577 hp diesel-fired emergency generator certified to meet Tier 3 emissions 
standards, in operation since 2008 

One 122 hp propane-fired emergency generator, in operation since 2008 

o 

o 

o 
0 Abrasive Blasting Equipment 

o Abrasive blasting building, in operation since 1978 

2 
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3 

4 

4. 

0 Fuel Storage Tanks 

o 

o 

One 500 gallon gasoline storage tank 

Three diesel fuel storage tanks (two 500 gallon, one 350 gallon) 

THE EVALUATION PROCESS 

S&L performed the emissions assessment in two phases; Phase 1 - “Data Collection / Evaluation 
& Initial Assessments” and Phase 2 - “Development of Emissions Reduction Options.” Based on 
the results of Phases 1 and 2, S&L developed a list of potential emissions improvements for SGS. 
A brief description of each phase of this assessment is provided below. 

Phase I - Data Collection /Evaluation & Initial Assessments 

The first phase included data collection and an initial emissions assessment. S&L reviewed both 
current and historical emissions information from plant data collection systems (e.g., DCS, PI, 
CEMS). In addition, the Title V Permit for SGS (“the permit”) dated December 23, 2010 was 
reviewed to identify regulated emission units and respective emission limits. The information 
provided for the “Phase 1” assessment was processed and compared with emissions limits that 
have been included in recently issued permits for similar new sources. This comparison 
identified emissions sources that were further evaluated in “Phase 2.” 

In conjunction, S&L also evaluated how the plant has been operated and maintained to determine 
if changes to O&M practices could affect emissions as well. S&L visited SGS to meet with plant 
personnel to understand how various equipment and systems are operated and maintained. 
During the site visit, S&L also performed a constructability walk down to identify site and space 
constraints that could affect the implementation of potential environmental upgrades. 

Phase 2 - Development of Emissions Reduction Options 

The second phase included an evaluation of potential emissions improvements for sources 
identified in “Phase 1 .” This assessment included a discussion of potential emissions control 
options and an estimate of costs associated with such options. 

Potential Emissions Improvements 

Based on the results of the Phase 1 and Phase 2 evaluations, S&L identified potential emissions 
improvements that could be implemented at SGS. 

PHASE 1 EVALUATION: CURRENT EMISSIONS 

S&L conducted an assessment of the emissions at SGS in order to determine which pollution 
control technologies should be evaluated in detail. In addition to the seven EGUs, S&L evaluated 
emissions from the diesel engines, cooling towers, and abrasive blasting equipment. The 
pollutants that were evaluated were NOx, CO, VOC, PMIOPM2.5, and SO*. 

UNITS 1,2,3 & 4 

Units 1-4 (S-1, S-2, S-3, S-4) each include a GE 7EA combustion turbine (CT) and heat recovery 
steam generator (HRSG). Units 1,2, and 3 began operation in 1974 while Unit 4 began operating 

3 
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in 1975. In 2001 and 2003, combustor modifications and installation of oxidation catalyst on 
Units 1 through 4 resulted in NO,, CO, and VOC emissions reductions. 

The SGS Title V Operating Permit No. V95-008 includes annual emission limits for Units 1-4. 
Based on review of the facility’s 2008 and 2009 annual emissions inventories submitted to the 
Maricopa County Air Quality Department (MCAQD), emissions from Units 1-4 have been 
significantly less than the respective annual permit limits (see Table 4-1). 

Table 4-1. Units 1-4 Annual Emissions Limits and Reported Emission Rates 

Reported Emissions for 2008 
and 2009 Permit Limit 

Pollutant I (tons per year) I (tons per year) 

1056.0 
171.7 (2008) 

118.2 (2009) 

co 174.0 
48.0 (2008) 

41.1 (2009) 

22.48 
1.4 (2008) 

0.9 (2009) 

voc 33.68 
4.7 (2008) 

3.2 (2009) 

105.88 
14.9 (2008) 

10.0 (2009) 

Note: The emission limits and reported emissions are combined for Units 1, 2 , 3 ,  and 4. 

In addition to evaluating annual emissions, S&L also performed an evaluation of short-term 
emissions from Units 1-4. The following sections provide a pollutant-by-pollutant evaluation of 
current short-term emissions. 

4.1.1 NO, Emissions 

The SGS Title V Operating Permit Condition 18.C.3.a states that Units 1-4 shall not emit NO, in 
excess of 155 ppmvd@15%02 on a 30-day rolling average basis while firing natural gas. S&L’s 
review of emissions inventories and compliance test reports submitted to MCAQD, along with 
discussions with SRP personnel, indicate that Units 1-4 are operating in accordance with permit 
requirements. 

In 2001, SRP replaced the original Units 1-4 combustors with GE’s Dry Low NOx 1 (DLN1) 
combustors. The DLNl combustors were guaranteed to achieve NO, values of 20 ppmvd@l5% 
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O2 while operating from 80 to 100% load. Based on review of NO, CEMS data, Units 1-4 are 
generally achieving less than 20 ppm NO, at full load, and less than 40 ppm while operating at 
part loads. 

Recent NO, control technology developments have enabled units to achieve NO, levels below 
those currently achieved by Units 1-4. For example, DLN combustor technology has matured 
and DLN systems installed on new combustion turbines have demonstrated the ability to achieve 
NO, levels below 10 ppmvd@15%02 during “normal” operation (i.e., loads above 50% load). In 
addition, post-combustion control technologies, namely selective catalytic reduction (SCR), could 
be used to further reduce NO, emissions. Based on a review of potentially available NO, control 
systems, improvements may be available to reduce NO, emissions from Units 1-4. Therefore, 
potential NO, reduction methods are evaluated in Section 5 of this report. 

4.1.2 CO Emissions 

The SGS Title V Operating Permit Condition 18.C.2 states that Units 1-4 shall not emit CO in 
excess of 400 ppmvd@15%02 at any time. S&L’s review of emissions inventories and 
compliance test reports submitted to MCAQD, along with discussions with SRP personnel, 
indicate that Units 1-4 are operating in accordance with permit requirements. 

The DLNl combustors installed in 2001 were guaranteed to meet a CO level of 10 ppmvd while 
operating from 80 to 100% load. In 2003, SRP further reduced CO emissions from Units 1-4 
with the installation of CO catalyst at the CT plenum outlet. The CO catalyst was designed to 
achieve a stack emission rate of 4 ppm while operating from 80 to 100% load. Based on review 
of CO CEMS data, Units 1-4 are generally achieving less than 4 ppm CO at full and mid loads. 

Although oxidation catalyst is currently installed on Units 1-4 for CO reduction, further 
reductions could potentially be achieved with the installation of additional catalyst. Based on a 
review of potentially available CO control systems, improvements may be available to reduce CO 
emissions from Units 1-4. Therefore, potential CO emissions improvements for Units 1-4 are 
evaluated in Section 5 of this report. 

4.1.3 VOC Emissions 

The DLNl combustors installed in 2001 were guaranteed to achieve a VOC level of 1.4 ppmv 
while operating from 80 to 100% load. SRP is currently reporting VOC emissions that are based 
on EPA’s AP42 Section 3.1 emission factor for gas fired combustion turbines; 0.0021 lb/mmBtu 
(-1.7 ppm). This emission factor is in the general range of reported values for similar gas fired 
units that are based on results of EPA’s Test Methods 18/25A. 

As discussed in Section 4.1.2, SRP installed oxidation catalyst at the CT plenum outlet for Units 
1-4 in 2003. Even though the CO catalyst vendor did not provide VOC reduction guarantees, it is 
likely that the oxidation catalyst systems currently installed on Units 1-4 are reducing VOC 
emissions below the guaranteed levels of 1.4 ppmv while operating from 80 to 100% load. 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, most units are subject to VOC emissions limits ranging from 1 to 4 
ppmvd@15%02. For Units 1-4, it is likely that VOC emissions are already within this range due 
to the combination of DLNl combustors that are guaranteed to meet 1.4 ppmv and oxidation 
catalyst systems that are expected to hrther reduce VOC emissions. Although improvements to 
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Fuel Permit Limit 

Natural Gas 0.005 gr S/fe 

Actual Fuel Sulfur Content' 

< 0.00363 gr S/ft3 

Note 1:  Information obtained from 2008 and 2009 monthly natural gas fuel analyses. 

Post combustion SO2 control systems would have no practical application to combined cycle 
units. The only practical method for controlling SO2 emissions from combined cycle units is the 
use of low sulfur fuels. Due to the inherently low sulfur content in natural gas, gas firing is the 
most practical method for minimizing SO2 emissions. 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, SO2 emissions have been minimized with the use of natural gas. 
Furthermore, there are no post-combustion SO2 control technologies, or other improvements, 
available to further reduce SO2 emissions from Units 1-4. Because Units 1-4 only fire natural 
gas, SO2 emissions improvements for Units 1-4 will not be evaluated at this time. 

4.1.5 PM10/PMz.5 Emissions 

The DLNl combustors installed in 2001 were guaranteed to achieve a PM emission rate of 5 
lbhr. SRF' is currently reporting PMlo emissions that are based on EPA's AP42 Section 3.1 
emission factor for gas fired combustion turbines: 0.0066 lb/mmBtu. This emission factor is in 
the general range of reported values for similar gas fired units that are based on results of EPA's 
Test Methods 5/202. 

SGS Units 1-4 are designed to fire natural gas, which is an inherently clean fuel. PMdPM2.5 
emissions from natural gas combustion are significantly less than emissions associated with liquid 
or solid fuel firing. OEMs generally contend that the reported PMdPM2.5 emissions levels are 
not due to the combustion of natural gas, but instead, reported PMlo/PM2.~ can be attributed to 
sampling error, construction debris, suspended PMIO/PM2.5 in ambient air that passes through CT 
inlet air filters, and metallic rust or oxidation products. 

Post combustion PM10/PM2.5 control systems would have no practical application to combined 
cycle units. The only practical methods for controlling PM emissions from combined cycle units 
are: (1) use of natural gas, (2) good combustion practices, and (3) follow recommended O&M 
procedures. 

6 
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S&L evaluated the SGS operations and maintenance (O&M) records and determined that SRP is 
following recommended procedures to adequately reduce non-combustion related PMIO/PM2.5 
emissions from Units 1-4 (see Section 4.6). 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, PMlo emissions limits have been based on firing clean fuels and good 
combustion practices. Furthermore, there are no post-combustion PMlo/PM2.5 control 
technologies, or other improvements, available to further reduce PMlo emissions. For Units 1-4, 
PMlOIPM2.5 emissions are minimized due to the combustion of natural gas and following 
recommended unit operation and maintenance practices. Therefore, PM10jPM2.5 emissions 
improvements for Units 1-4 will not be evaluated at this time. 

4.2 UNITS 5A, 5B & 6A 

The CEC for the Santan Expansion Project includes the ACC’s conditions for approval of the 
construction of Units 5 and 6 (S-5A, S-5B, S-6A). Included in the CEC is the following 
Condition 35: 

The Santan Expansion Project shall be required to meet the lowest achievable emission 
rate (LAER) for  carbon monoxide (CO), nitrogen oxides (NO$, volatile organic carbons 
(VOCs), and particulate matter (PM) less than 10 micron in aerodynamic diameter 
(PMIo). The Santan Expansion Project shall be required to submit an air quality permit 
application requesting this LAER to the Maricopa County Environmental Services 
Department. 

Units 5-6 each include a GE 7FA CT and a HRSG. Units 5A and 5B were commissioned in 2005 
while Unit 6A was commissioned in 2006. The Units 5A and 5B HRSGs are each equipped with 
530 mmBtu/hr (LHV) supplemental duct burners. The Unit 6 HRSG is equipped with a 490 
mmBtuihr (LHV) supplemental duct burner. In order to meet Lowest Achievable Emission Rate 
“LAER’ requirements for NO,, CO and VOC, the units are equipped with SCR for NO, control 
and oxidation catalyst for CO and VOC control. LAER for PMlo is achieved by firing natural gas 
exclusively. 

The SGS Title V Operating Permit includes annual emission limits for Units 5-6. Based on 
review of the facility’s 2008 and 2009 annual emissions inventories submitted to the MCAQD, 
actual emissions from Units 5-6 have been below the respective annual permit limits (see Table 
4-3). 
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Table 4-3. Units 5-6 Annual Emissions Limits and Reported Emission Rates 

Reported Emissions for 2008 
and 2009 

(tons per sear) 

Permit Limit 
(tons per year) 

Pollutant 

212.8 

304.1 

34.8 

142.1 (2008) 
103.4 (2009) 

82.7 (2008) 
29.4 (2009) 
9.3 (2008) 
8.3 (2009) 

1 voc 59.8 
40.9 (2008) 
21.1 (2009) 

170.3 
33.3 (2008) 
27.7 (2009) 

Note: The emission limits and reported emissions are combined for Units 5A, 5B, and 6A. 

In addition to evaluating annual emissions, S&L also performed an evaluation of short-term 
emissions from Units 5-6. The following sections provide a pollutant-by-pollutant evaluation of 
current short-term emissions. 

4.2.1 NO, Emissions 

The SGS Title V Operating Permit includes a NOx concentration limit of 2 ppmvd@15%02 on a 
1-hour averaging basis for Units 5A, 5B, and 6A. In addition, Units 5-6 are subject to EPA’s 
New Source Performance Standards (NSPS) Subparts GG and Da. NSPS Subpart GG states that 
the combustion turbine NO, emissions shall not exceed approximately 1 10 ppmvd@ 1 5%02. 
NSPS Subpart Da states that the Units 5-6 duct burners NO, emissions shall not exceed 1.6 
lbNWh on a 30-day rolling average basis. 

To meet the applicable NO, emissions limits, each unit is equipped with low NO, combustors and 
an SCR system. S&L’s review of emissions inventories and compliance certifications, along with 
discussions with SRP personnel, indicate that Units 5A, 5B, and 6A are operating in accordance 
with permit requirements. Based on a review of recent permits that have been issued for new 
combined cycle units in Arizona and California, most units are subject to NO, emissions limits 
ranging from 2 to 2.5 ppmvd@15%02 (see Attachment 2). Units 5A, 5B, and 6A include 
combustors and duct burners that are designed to achieve low NO, emissions and SCR that 
enables the units to meet and exceed the most stringent NO, levels required for new units. While 
there are equipment changes that could reduce emissions slightly, based on S&L’s engineering 

1 

The NSPS Subpart GG NOx emissions limit is estimated based on the equation identified in the SGS Title 1 

V Permit Condition 18.B.2.a. 
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4.2.2 

4.2.3 

4.2.4 

judgement, those changes would cost well in excess of cost effectiveness thresholds discussed 
later in this report. Therefore, NO, emissions improvements for Units 5-6 will not be evaluated 
at this time. 

CO Emissions 

Units 5A, 5B, and 6A are required to meet a CO concentration limit of 2.0 ppmvd@15%02 on a 
3-hour rolling average basis. To meet this limit, each unit is equipped with an oxidation catalyst 
system. S&L’s review of emissions inventories and compliance certifications, along with 
discussions with SRP personnel, indicate that Units 5A, 5B, and 6A are operating in accordance 
with permit requirements. 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, most units are subject to CO emissions limits ranging from 2 to 4 
ppmvd@15%02 (see Attachment 2). Units 5A, 5B, and 6A include combustors and duct burners 
designed to achieve low CO emissions and oxidation catalyst that enables the units to meet and 
exceed CO levels required for new units. While modifications to further reduce CO are possible, 
based on S&L’s engineering judgement, the costs associated with those modifications would 
outweigh the reductions that would be achieved. Therefore, CO emissions improvements for 
Units 5-6 will not be evaluated at this time. 

VOC Emissions 

Units 5A, 5B, and 6A are required to meet a VOC concentration limits of 1.0 ppmvd@15%02 
(without duct firing) and 2.0 ppmvd@l5%02 (with duct firing), on a 3-hour rolling average basis. 
The oxidation catalyst systems that are installed for CO reduction also reduce VOC emissions. 
S&L’s review of stack test data and compliance certifications, along with discussions with SRP 
personnel, indicate that Units 5A, 5B, and 6A are operating in accordance with permit 
requirements. For example, 2010 stack test results for Unit 6A show that VOC emissions range 
from 0.38 ppm to 0.54 ppm. 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, several units are subject to VOC emissions limits ranging from 1 to 4 
ppmvd@15%02 (see Attachment 2). Units 5A, 5B, and 6A include combustors and duct burners 
designed to achieve low VOC emissions and oxidation catalyst that enable the units to meet VOC 
levels required for new units. While modifications to reduce VOC emissions exist, based on 
S&L’s engineering judgement, the costs associated with those modifications would outweigh the 
reductions that would be achieved. Therefore, VOC emissions improvements for Units 5-6 will 
not be evaluated at this time. 

SO2 Emissions 

Emissions of SO2 from combustion turbines are a result of oxidation of fuel sulfur. SGS Units 
5A, 5B, and 6A are designed to fire natural gas exclusively. Table 4-4 shows the applicable fuel 
sulfur content permit limits and actual values obtained from fuel sample data and fuel contracts. 
In addition, Units 5-6 are subject to SO2 standards found in NSPS Subparts GG and Da. NSPS 
Subpart GG states that combustion turbine SOz emissions shall not exceed 0.015% by volume at 
15% 0 2  on a dry basis, and the fuel S content shall not exceed 0.8% by weight. NSPS Subpart 
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4.2.5 

Da states that SO2 emissions from the duct burners shall not exceed 100% of the potential 
combustion concentration. 

Table 4-4. Units 5-6 Fuel Sulfur Content Permit Limits and Actual Values 

1 Fuel I Permit Limit I Actual Fuel Sulfur Content I 
I Natural Gas I 0.005 gr S/f+ 0.00363 gr S/ft3 I 

The only practical method for controlling SO2 emissions from combined cycle units is the use of 
low sulfur fuels. Due to the inherently low sulfur content in natural gas, gas firing is the most 
practical method for minimizing SO2 emissions. Based on a review of recent permits that have 
been issued for new combined cycle units in Arizona and California, SO2 emissions have been 
minimized with the use of natural gas. Furthermore, there are no post-combustion SO2 control 
technologies, or other improvements, available to further reduce SO2 emissions from Units 5A, 
5B, or 6A. Because Units 5A, 5B, and 6A only fire natural gas, SO2 emissions improvements for 
Units 5-6 will not be evaluated at this time. 

PMlo/PM2.5 Emissions 

Units 5A, 5B, and 6A are required to meet a PMIO/PM2.5 emission limit of 0.01 lb/mmBtu (with 
and without duct firing). In addition, the Units 5-6 duct burners are subject to PM standards 
found in NSPS Subparts Da, which states that PM emissions shall not exceed 0.03 lb/mmBtu. 

S&L's review of stack test data and compliance certifications, along with discussions with SRP 
personnel, indicate that Units 5A, 5B, and 6A are operating in accordance with permit 
requirements. For example, 2010 stack test results for Units 5A, 5B, and 6A show that PMlo 
emissions range from 0.0039 to 0.0053 lb/mmBtu. 

SGS Units 5-6 are designed to fire natural gas, which is an inherently clean fuel. PMIo/PM2.5 
emissions from natural gas combustion are significantly less than emissions associated with liquid 
or solid fuel firing. OEMs generally contend that the reported PMIo /PM~.~  emissions levels are 
not due to the combustion of natural gas, but instead, reported PMlo/PM2.5 can be attributed to 
sampling error, construction debris, suspended PMIo/PM2.5 in ambient air that passes through CT 
inlet air filters, and metallic rust or oxidation products. 

Post combustion PM10/PM2.5 control systems would have no practical application to combined 
cycle units. SGS Units 5-6 are designed to fire natural gas exclusively, which is an inherently 
clean fuel. The only practical methods for controlling PM emissions from combined cycle units 
are: (1) use of natural gas, (2) good combustion practices, and (3) follow recommended O&M 
procedures. 

S&L evaluated the SGS operations and maintenance (O&M) records and determined that SRP is 
following recommended procedures to adequately reduce non-combustion related PMlo emissions 
from Units 5-6 (see Section 4.6). 

Based on a review of recent permits that have been issued for new combined cycle units in 
Arizona and California, PMlo emissions limits have ranged from 0.005 to 0.015 lb/mmBtu based 
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Circulating Water 
Flow Rate 

(gpm) 

101,500 

on firing clean fuels and good combustion practices. Furthermore, there are no post-combustion 
PMlo control technologies, or other improvements, available to further reduce PMIO/PM2.5 
emissions. For Units 5-6, PM10PM2.5 emissions are minimized due to the combustion of natural 
gas and following recommended unit operation and maintenance practices. Therefore, PMlo/PM2.5 
emissions improvements for Units 5-6 will not be evaluated at this time. 

4.3 COOLING TOWERS 

The Santan facility has three cooling towers that dissipate heat from the condensing water for 
each of the three steam turbines. Cooling Tower CTl serves the Units 1-4 steam turbine, and 
Cooling Tower CT5 and CT6 serve the Units 5 and 6 steam turbines, respectively. Table 4-5 
provides information for each cooling tower. 

Table 4-5. Cooling Tower Design Parameters 

Emission 
Unit 

Cooling 
Tower 
CT1 

Cooling 
Tower 
CT5 

Cooling 
Tower 
CT6 

Units 
Served 

s-1, s-2, 
s-3, s-4 

S-5A, 
S-5B 

S-6A 

2005 175,000 

2006 80,000 

Design Mist 
Eliminator Drift 

Efficiency* 

< 0.0005% 

< 0.0005% 

< 0.0005% 

* Mist eliminator efficiency is measured as a percentage of the circulating water flow rate. 

PMl#M2.5 from cooling towers is generated by the presence of solids in the cooling tower 
circulating water, which is potentially emitted as “drift” or moisture droplets that are suspended 
in the air that is blown through the cooling tower. A portion of the water droplets emitted from 
the tower exhausts will evaporate, thereby resulting in PMlo/PM2.5 emissions. 

PMlo emissions from cooling towers are controlled by the use of high efficiency drift eliminators, 
reduced number of cycles of concentration, or a combination of both. The cycles of 
concentration are limited by water availability; lower circulating water concentrations require 
increased blowdown frequency and thus more makeup water. 

The SGS Title V permit includes limits for circulating water TDS values, mist eliminator drift 
efficiency, and PMI#M2.5 emissions. As part of the initial emissions assessment, S&L reviewed 
cooling tower design parameters, reported emission rates, and operating data and compared this 
information with the respective permit limits. As indicated in Table 4-5 and Attachment 3, the 
cooling tower mist eliminators are designed to achieve less than 0.0005% drift. Tables 4-6 and 4- 

11 



Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Sargerrt & L u ~ ~ d y ' ~ ~  

Emission Unit 

Project No. 12046-018 
Report No. SL-10495 

June 3,201 1 

Permit Limit Reported Values for 2008 and 2009 

Cooling Tower CT1 3.34 tpy 
0.82 tpy (2008) 

0.76 tpy (2009) 

Cooling Tower CT5 3.45 tpy 
1.91 tpy (2008) 

2.56 tpy (2009) 

9,500 mg/L 

5,700 mg/L 

Cooling Tower CT6 ~ 1.59tpY ~ 

3,100 mg/L 

3,450 mg/L 

0.89 tpy (2008) 

0.86 tpy (2009) 

Table 4-7. Cooling Tower TDS Content Limits and Actual Values 

Emission Unit 

Cooling Tower CT1 

Cooling Tower CT5 

Cooling Tower CT6 

Maximum Values for 
2008 and 2009 Permit Limit 

5,700 mg/L 3,100 mg/L 

In addition to review of operating and emissions data, S&L also reviewed SGS O&M procedures 
and inspection reports pertaining to the cooling towers. S&L concludes that SW's O&M records 
are complete and that an adequate inspection program is in place (see Section 4.7 and Attachment 

Based on a review of recent permits that have been issued for new cooling towers, PMlo/PM2.5 
emissions have generally been controlled by utilizing mist eliminators designed to achieve 
0.0005% drift efficiency. Furthermore, there are no additional PMlo controls, or other 

9). 
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improvements, capable of providing further PMIO/PM2.5 emissions reductions from the existing 
cooling towers. Because SRP utilizes mist eliminators that are designed to achieve 0.0005% 
drift, PMIO/PM2.5 emissions improvements for CT1, CT5, and CT6 will not be evaluated at this 
time. 

4.4 DIESEL ENGINES 

The following emergency engines are installed at Santan Generating Station: 

0 One 3 10 hp diesel-fired emergency fire water pump 

0 Two diesel-fired emergency generators, rated at 830 hp and 577 hp 

0 One 122 hp propane-fired emergency generator 

Per Permit Condition 19.B.33, an emergency for the engines is defined as “when normal power 
line or natural gas service fails, for the emergency pumping of water, for when low water pressure 
in the fire suppression system is triggered, for unforeseen flood or fire or life threatening 
situation, or for similar situations accepted as an emergency by the Control Officer and 
Administrator.” 

As required by the facility’s Title V operating permit, the diesel engines are designed to meet the 
applicable US EPA emissions standards. Permit limits pertaining to the diesel engines are shown 
in Table 4-8. 
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Table 4-8. Diesel Engine Permit Limits 

310 hp and 830 hp Engines 577 hp Engine 

Parameter Current Title V 
Permit Limit 

Current Title V Permit 
Limit Compliance Method Compliance Method 

<= 37.5 hriyr for engine 
testing, each 

<= 500 hriyr for 
testinglemergencies 

9.2 gkW-hr 

4,000 lbiyr, each 

<= 37.5 hriyr for engine 
testing, each 

<= 500 hriyr for 
tes tingiemergencies 

4.0 gkW-hr 
(NMHC+NO,) 

4,000 lbiyr, each 

3.5 g/kW-hr 

4,000 lbiyr, each 

Hours of 
Operation 

Engines operate less than 
3 7.5 hrlyr 

Engines operate less than 
37.5 hriyr 

Engines meet EPA Tier 1 
standard 

Engines meet EPA Tier 3 
standard 

1 1.4 gkW-hr 

4,000 lbiyr, each 
Engines meet EPA Tier 1 

standard 
Engines meet EPA Tier 3 

standard co 

Engines fire ultra low-S 
diesel fuel (fuel S content 

5 0.0015 wt%) 

Engines fire ultra low-S 
diesel fuel (fuel S content 

50.0015 wt%) 

Engines meet EPA Tier 1 
standard 

Fuel S content = 0.0015 
wt% 

Fuel S content = 0.0015 
wt% so2 

4.0 g1kW-hr 
(NMHC+NO,) 

Engines meet EPA Tier 3 
standard 1.3 gkW-hr voc 

Engines meet EPA Tier 1 
standard 

Engines meet EPA Tier 3 
standard 0.54 gkW-hr 0.20 gkW-hr 

EPA is requiring new, recently permitted emergency diesel engines to meet more stringent NSPS 
Subpart 1111 emissions limits. The NSPS Subpart 1111 standards that would apply to new 
emergency diesel generators and stationary fire pump engines are provided in Table 4-9. 
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Table 4-9. Comparison of Emergency Diesel Engine Standards 

Pollutant 

NOx + HC 

co 

Permit Limits for 3 10 
and 830 hp Engines (’) 

10.5 gkW-hr‘*) 

1 1.4 gkW-hr 

0.54 gkW-hr 

Permit Limits for 577 
hp Engines (3) 

4.0 gkW-hr 

3.5 gkW-hr 

0.20 gikw-hr 

NSPS Subpart 1111 Standards for 
New Emergency Generators and 

Fire Pumps (495) 

4.0 gkW-hr (for 3 10 hp fire pump 
and 577 hp engine) 

6.4 gkW-hr (for 830 hp engine) 

3.5 gkW-hr 

0.20 gkW-hr 
(1) Based on Tier 1 standards for 830 hp emergency generator and 3 IO hp fire pump per 40 CFR 89.1 12, Table 1 
(2) Sum of NOx and CO limits; 9.2 g/kW-h and 1.3 g/kW-h 
(3) Based on Tier 3 standards for 577 hp emergency generator per 40 CFR 89.112, Table 1 
(4) Standards for new 577 hp and 830 hp emergency generators per 40 CFR 89.1 12, Table 1 
( 5 )  Standards for new 3 10 hp tire pump per 40 CFR Part 60 Subpart 1111, Table 4 

The current NSPS Subpart 1111 emissions standards for NO,+HC, CO, and PMlo are the same or 
more stringent than the limits that apply to the SGS emergency engines. Although control 
technologies exist that can reduce NO,, VOC, CO and PMlo (e.g., water or urea injection for NO, 
control, catalyst for CO and VOC), it is not practical to install such controls on existing Tier 1 
diesel engines, especially engines that are limited to less than 37.5 hours per year operation for 
required testing and routine maintenance. Using 37.5 hours per year as a basis, the potential NO,, 
VOC, CO or PM1o emissions reductions associated with meeting current NSPS Subpart 1111 
emissions limits would be less than 0.1 ton per year each. Because there are no available control 
technologies, or other improvements, with a practical application on the existing diesel engines, 
emissions improvements for the SGS diesel engines will not be evaluated at this time. 

In addition to the diesel engines, a propane-fired emergency generator is installed at SGS. S&L’s 
review of emissions data sheets along with discussions with SRP personnel indicate that the 
propane generator is operating in accordance with permit requirements. Based on limited annual 
operation and low emissions associated with firing propane, emissions improvements for the SGS 
propane generator will not be evaluated. 

4.5 ABRASIVE BLASTING EQUIPMENT 

SGS is equipped with an abrasive blast shed where parts and equipment are cleaned and blasted 
with abrasive media. The current permit for SGS states that the station shall not “discharge into 
the atmosphere from any abrasive blasting any air contaminant for a period or periods 
aggregating more than three minutes in any one-hour period which is a shade or density darker 
than 20 percent opacity.” Abrasive blasting equipment exhaust must be vented through a 
baghouse if the exhaust is sent to the outside of the building. 
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A new baghouse was installed in late 2010 for the SGS abrasive blasting equipment. The new 
baghouse is designed to achieve a control efficiency of 99.9%. With the installation of the new 
baghouse, there are no additional controls, or other improvements capable of providing further 
PMIo control from this source. Therefore, emissions improvements for the abrasive blasting 
equipment will not be evaluated at this time. 

4.6 FUEL STORAGE TANKS 

SGS is equipped with three diesel storage tanks and one gasoline storage tank. The facility’s 
Title V operating permit lists the diesel storage tanks as “insignificant activities.” Because of the 
low vapor pressure of diesel fuel, it is commonly accepted that VOC emissions associated with 
diesel fuel storage and handling are minimal. Therefore, emissions improvements for the diesel 
storage tanks will not be evaluated. 

With regard to the gasoline storage tank, the SGS Title V Operating Permit Condition 19.J 
requires the following design considerations: 

“basic tank integrity” such that “no vapor or liquid escapes are allowed through a 
dispensing tank’s outer surfaces, nor from any of the joints where the tank is 
connected to the pipe(s), wires, or other systems” 

“each fill-line into a stationary dispensing pipe shall be equipped with a 
permanent submerged fill-pipe” 

“fill pipe caps” having a “securely attached, intact gasket” 

“overfill protection equipment” that is “vapor tight to the atmosphere” 

0 

0 

In addition to the gasoline storage tank design requirements, the facility’s permit restricts annual 
gasoline throughput to less than 120,000 gallons. VOC emissions are minimized with required 
gasoline handling procedures identified in Permit Condition 19.J.6.a. Per discussion with SRP 
personnel, the gasoline storage tank design and fuel handling procedures are in compliance with 
the requirements of Permit Condition 19.J. 

Based on review of environmental regulations for other states and air quality districts, the 
MCAQD requirements generally coincide with regard to gasoline storage tank design and fuel 
handling requirements for new gasoline storage tanks of similar size and annual throughput. 
Modifications to reduce emissions any further, such as employing vapor recovery systems used at 
high throughput commercial gas stations, could be installed. However, based on S&L’s 
engineering judgement, such modifications would be cost prohibitive. Therefore, emissions 
improvements for the gasoline storage tank will not be evaluated at this time. 

4.7 FACILITY O&M EVALUATION 

As part of the CEC Condition 38 assessment required by the ACC for SGS, S&L evaluated the 
Operations and Maintenance practices to investigate the possibility of reducing emissions from 
current operating levels by either: a) changing operating and maintenance (O&M) practices or b) 
implementing new emissions reduction technologies. 

The SGS O&M Program encompasses the following activities: 
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i. A documented Preventive Maintenance and Inspection program for the emission 
control equipment, 

A Preventive / Predictive Maintenance program to maintain equipment reliability 
and performance, 

A Work Management Process to complete station activities efficiently, 

Several Performance Monitoring Systems to provide technical information for 
plant staff, and 

Reliable modem control systems that automate system operations. 

S&L reviewed operation and maintenance procedures, inspection schedules, and O&M manuals 
for each of the combined cycle units, the cooling towers, and the diesel engines. For the 
combined cycle units, S&L evaluated the Preventative Maintenance and Inspection program for 
the dry low-NO, burners, CO catalyst, SCR system, and the baghouse for abrasive blasting 
equipment. 

S&L prepared Santan Emissions Operating and Maintenance Practices Assessment Report SL- 
10419, which has been provided in Attachment 9. The assessment did not find opportunities 
where a change in operations and maintenance practices would help reduce air emissions. 

SUMMARY OF PHASE 1 EMISSIONS ASSESSMENT 

The Phase 1 emissions assessment included a review of plant data that reflects current SGS 
emissions. This information was then processed so it could be utilized for an initial comparison 
to the emissions rates that are considered to be achievable. In conjunction, a review of equipment 
operating practices was performed to determine if O&M improvements could be implemented to 
reduce emissions. The results of this initial assessment were discussed in Sections 4.1 through 
4.6, and are summarized in Table 4-10. 
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5 PHASE 2 EVALUATION: EMISSIONS REDUCTION OPTIONS 

Based on the results of the “Phase 1 Evaluation,” this “Phase 2 Evaluation” explores potential 
NO, and CO emissions improvements for Units 1-4. This analysis generally follows a “top- 
down” approach that is used in permitting new major sources of air emissions or modifications to 
existing major source. A similar process has been used by state and county agencies in 
evaluating NO, emission controls at existing stationary sources as part of a regional ozone 
attainment strategy. The “top-down’’ approach utilized in this evaluation includes the following 
steps for each emission source and pollutant that is being evaluated: 

1. Identify potential control technologies; 
2. Eliminate technically infeasible control options; 
3. Rank the remaining control technologies by control effectiveness; 
4. Evaluate the control technologies, starting with the most effective for: 

- economic impacts, 
- environmental impacts, and 
- energy impacts; 

5 .  Summary of potential emissions improvements. 

A more detailed description of each step in the “top-down” control technology analysis is 
provided below. 

“TOP DOWN” CONTROL TECHNOLOGY EVALUATION PROCESS 

Step 1 - Identify All Control Options 

The first step in this “top-down’’ control technology analysis is to identify, for the emission unit 
in question, available control options. Available control options are those air pollution control 
technologies with a practical potential for application to the emission unit and the regulated 
pollutant under evaluation. For this evaluation, the emission units that are being evaluated is the 
existing SGS Units 1-4 combined cycle units. 

In an effort to identify potentially applicable emission control technologies for Units 1-4, S&L 
conducted a comprehensive review of available sources of technical information, including but 
not necessarily limited to: 

5.1 

- EPA’s RACT/BACT/LAER Clearinghouse; 

- Information from control technology vendors and engineering/environmental consultants; 

- Federal and State new source review permits; 

- Technical journals, reports, newsletters and air pollution control seminars. 

Step 2 - Eliminate Technically Infeasible Control Options 

The second step in this “top-down” control technology analysis is to review the technical 
feasibility of the control options identified in Step 1 with respect to source-specific and unit- 
specific factors. A demonstration of technical unfeasibility must be based on physical, chemical 
and engineering principals, and must show that technical difficulties would preclude the 
successful use of the control option on the emission unit under consideration. The economics of 
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an option are not considered in the determination of technical feasibilityhnfeasibility. Options 
that are technically infeasible for the intended application are eliminated from further review. 

Step 3 - Rank Remaining Control Technologies by Control Effectiveness 

All technically feasible options are ranked in order of overall control effectiveness. Control 
effectiveness is generally expressed as the rate that a pollutant is emitted after the control system. 
The most effective control option is the system that achieves the lowest emissions level. 

Step 4 - Evaluate Most Effective Controls 

After identifying the technically feasible control options, each option, beginning with the most 
effective, is evaluated for associated economic, energy and environmental impacts. Both 
beneficial and adverse impacts may be assessed and, where possible, quantified. In the event that 
the most effective control alternative is shown to be inappropriate due to economic, 
environmental or energy impacts, the basis for this finding is documented and the next most 
stringent alternative evaluated. This process continues until the technology under consideration 
cannot be eliminated by any source-specific economic, environmental or energy impacts. 

Economic Analysis 

The economic analysis performed as part of this “top-down’’ control technology analysis 
examines the cost-effectiveness of each control technology, on a dollar per ton of pollutant 
removed basis. Annual emissions using a particular control device are subtracted from base case 
emissions to calculate tons of pollutant controlled per year. The base case generally represents 
uncontrolled emissions or the inherent emission rate from the proposed source. Annual costs are 
calculated by adding annual operation and maintenance costs to the annualized capital cost of an 
option. Cost effectiveness ($/ton) of an option is simply the annual cost ($/yr) divided by the 
annual pollution controlled (todyr). 

In addition to the cost effectiveness relative to the base case, the incremental cost-effectiveness to 
go from one level of control to the next more stringent level of control may also be calculated to 
evaluate the cost effectiveness of the more stringent control. 

Environmental Imuact Analysis 

The primary purpose of the environmental impact analysis is to assess collateral environmental 
impacts due to control of the regulated pollutant in question. Environmental impacts may include 
solid or hazardous waste generation, discharges of polluted water from a control device, visibility 
impacts, increased emissions of other criteria or non-criteria pollutants, increased water 
consumption, and land use impacts from waste disposal. The environmental impact analysis 
should be made on a consideration of site-specific circumstances. 

Energy Imuact Analysis 

The energy requirements of a control technology can be examined to determine whether the use 
of that technology results in any significant or unusual energy penalties or benefits. Two forms 
of energy impacts associated with a control option can normally be quantified. First, increases in 
energy consumption resulting from increased heat rate may be shown as total Btu’s or fuel 
consumed per year or as Btu’s per ton of pollutant controlled. Second, the installation of a 
particular control option may reduce the output andor reliability of equipment. This reduction 
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5.2 

would result in loss of revenue from power sales and/or increased fuel consumption due to use of 
less efficient electrical and steam generation methods. 

Step 5 - Summary of Potential Emissions Improvements 

Based on the results of Steps 1 through 4, Step 5 provides a summary of potential emissions 
improvements for the generating units that are being evaluated. 

The methodology described above will be applied to the SGS Units 1-4 combined cycle units. 
Based on the results of the “Phase 1 Evaluation” included in Section 4, potential emissions 
improvements were evaluated for the following pollutants: 

k Nitrogen Oxides (NO,) 

k Carbon Monoxide (CO) 

NOx CONTROL OPTIONS FOR UNITS 1-4 

5.2.1 

Potentially available control options were identified based on a comprehensive review of 
available information. NOx control technologies with potential application to Units 1-4 are listed 
in Table 5-1. 

Step 1: Identify Feasible NO, Control Options 

Table 5-1. List of Potential NO, Control Options (Units 1-4) 

Control Technology 

Combustion Controls 
Baseline Combustion Controls (DLN 1 
Combustors) 
Combustor Upgrades 

I Post-Combustion Controls I 
I Selective Catalytic Reduction (SCR) I 

Oxidation Catalyst wl Potassium Carbonate 
Absorption ( E M T M  formerly SCONOxTM) 
Urea Injection Systems (Selective Non-Catalytic 
Reduction and NOxOutTM) 

I Ammonia Injection Systems (Thermal 
DeNOxTM) 

I Catalytic Combustion (XononTM) I 
5.2.2 

NO, control technologies can be divided into two general categories: combustion controls and 
post-combustion controls. Combustion controls reduce the amount of NO, that is generated in 
the combustors. Post-combustion controls remove NO, from the CT exhaust gas. 

Step 2: Technical Feasibility of NO, Control Options 
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5.2.2.1 Combustion Controls 

NO, formation in a natural gas-fired combustion turbine (CT) occurs by three fundamentally 
different mechanisms; thermal NO,, prompt NO,, and fuel NO,. Essentially all NO, formed from 
natural gas combustion is thermal NO,. Thermal NO, is created by the thermal dissociation and 
subsequent reaction of nitrogen ( N 2 )  and oxygen ( 0 2 )  molecules in the combustion air. The 
amount of thermal NO, formed is a function of the combustion chamber design and the CT 
operating parameters, including flame temperature, residence time at flame temperature, 
combustion pressure, and fueVair ratios at the primary combustion zone. The maximum thermal 
NO, formation occurs at a slightly fuel-lean mixture because of excess oxygen available for 
reaction. The rate of thermal NO, formation is also an exponential function of the flame 
temperature. Uncontrolled NO, emissions from a natural gas-fired combustion turbine will be in 
the range of 0.32 lb/mmBtu (or approximately 90 ppmvd @ 15% 02).2 

Prompt NO, is formed from reactions of nitrogen molecules in the combustion air and 
hydrocarbon radicals from the fuel. Prompt NO, forms within the flame and is usually negligible 
when compared to thermal NO,. 

Fuel NO, is formed by the gas-phase oxidation of fuel-bound nitrogen compounds with oxygen. 
Its formation is dependent on fuel nitrogen content and the combustion oxygen levels. Natural 
gas contains negligible chemically-bound fuel nitrogen; thus, the formation of fuel NO, is also 
negligible when compared to thermal NO,. 

Excess air in lean combustion cools the flame and reduces the formation of thermal NO,. Dry 
low- NO, (DLN) combustion systems reduce the amount of thermal NO, formed by lowering the 
overall flame temperature within the CT combustor. The lower flame temperature is 
accomplished by premixing the fuel and air at controlled stoichiometric ratios prior to 
combustion. 

Prior to the development of premix-based DLN combustors, fuel and air were injected separately 
into the CT's combustor section. Oxygen in the combustion air, needed to support the 
combustion process, would diffuse into the flame front located at the combustor's fuel burner, and 
combustion occurred in a diffusion flame. The result of this approach was a range of fuel-to-air 
ratios over which combustion occurred and a corresponding range of flame temperatures. 

For DLN combustor designs, aidfuel mixing is accomplished prior to the burner where the actual 
combustion occurs. This design provides better control of the air-to-fuel stoichiometric ratio, 
lower flame temperature, reduced excess oxygen, and minimizes the potential for localized high- 
temperature fuel-rich pockets. 

Baseline Combustion Controls (DLN- 1 Combustors) 

The original combustors for Units 1 through 4 were replaced with GE's DLN-1 combustors in 
2001. The DLN-1 combustors are two-stage premix combustors designed to fire both natural gas 
and fuel oil. Although the DLN-1 combustors are typically designed to achieve NO, levels of 9 
ppmvd @ 15% O2 and CO levels of 25 ppmvd @ 15% O2 while firing natural gas, the DLN-1 
combustors for Units 1-4 were required to achieve CO levels of 10 ppmvd @ 15% 0 2 .  Therefore, 

See, AP-42 Table 3.1-1; NO, Emission Factor for Uncontrolled Natural Gas-Fired Turbines. 2 
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the Units 1-4 DLN-1 combustors were designed to meet NO, levels of 20 ppmvd @ 15% 0 2  

while firing natural gas so that the reduced CO levels could be achieved. 

Combustor Upgrades 

Since 2001, DLN combustor technology has matured and DLN systems installed on new 
combustion turbines have demonstrated the ability to achieve NO, levels below 10 ppmvd @ 
15% 02. For example, GE’s DLN-1+ combustors include redesigned secondary fuel nozzles, 
optimized air-fuel mixing, and updated control systems that enable the combustors to achieve 
NO, levels as low as 4 ppmvd @ 15% 02 ,  with CO levels in the range of 25 ppmvd @ 15% 02 .  
However, to achieve CO levels equal to or less than current levels of 10 ppmvd @ 15% 0 2 ,  the 
design NO, levels would be in the range of 7 to 9 ppmvd @ 15% 02, 

Combustor upgrades are a technically feasible and commercially available option for reducing 
NO, emissions. Based on information from combustor vendors, combustor upgrades on Units 1- 
4 will be evaluated at a controlled NO, level of 8 ppmvd @ 15% O2 while firing natural gas and 
operating from 50% to 100% load, which represents a NO, reduction of approximately 60% from 
the baseline level. A combustor design NO, level of 8 ppm was selected such that combustor 
upgrades will result in a slight reduction in CO emissions (see Section 5.3.2). 

5.2.2.2 Post-Combustion Controls 

A second strategy to minimize NO, emissions from a natural gas-fired combined cycle unit is to 
reduce NO, formed in the CT/HRSG using a post-combustion control system. Potentially 
available post-combustion NO, control systems are evaluated below. 

Selective Catalytic Reduction 

Selective catalytic reduction (SCR) is a post-combustion NO, control technology. SCR reduces 
NO, by injecting ammonia (NH3) in the presence of a catalyst. Ammonia reacts with NO, in the 
presence of active catalyst and excess oxygen to form water vapor and nitrogen, as shown in the 
following equations: 

4NH3 + 4N0 + O2 +. 4N2 + 6H20 

8NH3 + 4N02 + 202 + 6N2 + 12H20 

The performance of an SCR system is influenced by several factors including flue gas 
temperature, SCR inlet NO, level, the catalyst surface area, volume and age of the catalyst, and 
the amount of ammonia slip that is acceptable. 

SCR catalysts used in combined cycle application generally consist of vanadium pentoxide as an 
active ingredient mixed with titanium dioxide as a substrate. The geometric configuration of the 
catalyst body is designed for maximum surface area and minimum back-pressure on the gas 
turbine. An ammonia injection grid is located upstream of the catalyst body and is designed to 
disperse ammonia uniformly throughout the exhaust flow before it enters the catalyst unit. 

Flue gas temperature and residence time must be taken into consideration when designing a SCR 
control system. The temperature range for base metal catalyst is in the range of 400°F and 800°F. 
On a combined-cycle combustion turbine, this temperature window occurs within the heat 
recovery steam generator (HRSG), downstream of the gas turbine. 
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Controlled NO, emission rates achievable with a SCR control system are a function of the 
catalyst volume, ammonia-to-NO, (NH3:N0,) ratio, reaction temperature, and catalyst activity. 
For a given catalyst volume, higher NH3:NOX ratios can be used to achieve higher NO, emission 
reductions, but this control strategy can result in an unacceptable increase in emissions of 
unreacted NH3 (ammonia slip). 

Catalyst activity is a function of catalyst age and deactivation. SCR catalyst is subject to 
deactivation by a number of mechanisms. Loss of catalyst activity can occur from thermal 
degradation (catalyst sintering) if the catalyst is exposed to excessive temperatures (typically > 
SOOOF) over a prolonged period of time. Catalyst deactivation can also occur due to chemical 
poisoning. Principal poisons include compounds containing arsenic, and salts of potassium, 
sodium, and calcium. On a natural-gas combined cycle unit, where only natural gas is fired, 
potential catalyst poisons should be minimal, and a catalyst life of approximately 5 years can be 
expected. 

Ammonia slip should be minimized due to the potential for salt formation from the reaction of 
ammonia with sulfur compounds in the flue gas. The combustion of sulfur-bearing fuels 
produces SOz, and to a lesser degree, SO3. Some conversion of SOz to SO3 also occurs across the 
SCR catalyst bed. SO3 in the flue gas can react with ammonia to form ammonium sulfate andor 
ammonium bisulfate. Ammonium bisulfate is a sticky compound, which can deposit in the low- 
temperature region of the HRSG, resulting in increased back-pressure on the CT and reduced heat 
transfer efficiency in the HRSG. A unit shutdown is generally required to remove ammonium 
bisulfate deposits from heat transfer surfaces. 

The rate of ammonium salt formation increases with increasing levels of SO3 and NH3, and 
decreasing stack gas temperature. Ammonium sulfate and bisulfate are also classified as 
filterable particulates; thus, the formation of ammonium salts results in an increase in PMlo 
emissions. Because the Santan Units 1-4 fire natural gas exclusively, these issues should be 
minimal; however, to minimize potential operating issues and to minimize ammonia and 
filterable particulate emissions, ammonia slip should still be maintained below a level of 
approximately 5 ppmvd. 

Based on a review of Units 1-4 HRSG drawings, three SCR placement options were considered: 
(1) CT plenum outlet, (2) stack, and (3) superheater section. This first placement option, CT 
plenum outlet, would require installation of a high temperature catalyst that could withstand 
exhaust temperatures in excess of 1000°F. At this time, there is limited experience with high 
temperature SCR operation and therefore SCR placement at the CT plenum outlet will not be 
considered at this time. 

The second SCR placement option is at the HRSG stacks for Units 1-4. This option would 
potentially require expanding the stack ductwork to reduce the exhaust velocity and raising the 
stack height by approximately 30 feet. Unlike the option to place the SCR in the superheater / 
evaporator section (see description below), locating the SCR at the stack would reduce costs since 
piping, tubes, and drums would not have to be raised. However, a primary concern lies with 
exhaust temperature of approximately 320°F. Although OEMs typically require a minimum SCR 
operating temperature of 500"F, it is generally feasible to operate an SCR system at temperatures 
as low as 350°F. However, at temperatures in the range of 300°F to 350"F, there is potential that 
ammonium bisulfate will be formed thus resulting in a loss in unit performance. Therefore, based 
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on a typical stack temperature of 320"F, SCR installation at the Units 1-4 HRSG stacks will not 
be considered at this time. 

The third SCR placement option for Units 1-4 is in the superheater / evaporator section to take 
advantage of an optimal exhaust gas temperature ranging from 500°F to 700°F. The superheater / 
evaporator sections of the Units 1-4 HRSGs are vertical and confined which means that SCR 
installation would require expanding the ductwork and raising the piping, tubes, drum and stack 
approximately 30 feet to accommodate the SCR reactor and ammonia injection grid assembly. 

SCR is considered a technically feasible and commercially available NOx control technology for 
Santan Units 1- 4 if the SCR reactor and ammonia injection grid is located in the HRSG 
superheater / evaporator section. Based on a review of emission rates achieved in practice at 
similar sources and emission limits included in recently issued Prevention of Significant 
Deterioration (PSD) permits for natural gas-fired combined cycle facilities, S&L concludes that 
an SCR control system could be designed to achieve a controlled NOx emission rate of 2.0 
ppmvd @ 15% O2 at loads ranging from 50 to loo%, thus representing a NO, reduction of 
approximately 90% from the baseline level. 

Oxidation Catalyst w/ Potassium Carbonate Absorption 

EMxTM (SCONOxTM) is a post-combustion, multi-pollutant control technology, originally 
developed by Goal Line Environmental Technologies (now EmeraChem LLC). The EMxTM 
technology uses a coated oxidation catalyst to remove NO,, CO, and VOC emissions in the 
turbine exhaust gas by oxidizing CO to C02, NO to NO2, and hydrocarbons to COZ and water. 
The C02 is then emitted to the atmosphere, and the NO2 is absorbed onto the potassium carbonate 
coating on the EMxTM catalyst to form potassium nitratehitrite. These reactions are referred to as 
the "oxidatiordabsorption cycle." 

Because the potassium carbonate coating is consumed as part of the absorption step, it must be 
regenerated periodically. This is accomplished by passing a regeneration gas containing 
hydrogen and carbon dioxide across the surface of the catalyst in the absence of oxygen. The 
hydrogen in this gas reacts with nitrites and nitrates to form water vapor and elemental nitrogen. 
The carbon dioxide in the gas reacts with the liberated potassium oxide to form potassium 
carbonate, which is the absorber coating that was on the surface of the catalyst before the 
oxidationlabsorption cycle began. These reactions are called the ''regeneration cycle." Water 
vapor and elemental nitrogen are exhausted, and potassium carbonate is once again present on the 
surface of the catalyst, allowing the oxidationlabsorption cycle to repeat. 

Because the regeneration cycle must take place in an oxygen-free environment, the catalyst 
undergoing regeneration must be isolated from the CT-HRSG exhaust gas. This is accomplished 
by dividing the catalyst bed into discreet sections, and placing dampers upstream and downstream 
of each section. During regeneration, some of the dampers close, isolating a section of the 
catalyst bed. While this is going on, exhaust gas continues to flow through the remaining open 
sections of the catalyst bed. After the isolated section of catalyst has been regenerated, another 
set of dampers closes so that the next section of catalyst can be isolated for regeneration. This 
cycle is repeated for each catalyst section approximately once every 5 minutes. 

The EMxTM catalyst is very sensitive to fouling, because the potassium coating is irreversibly 
deactivated by sulfur in the exhaust gas. For large-scale applications, however, EmeraChem 
recommends using a sulfur oxidationlabsorption catalyst, called ESxTM (formerly SCOSOx), to 
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remove sulfur from the exhaust gas. The ESxTM catalyst would be located upstream of the EMxTM 
catalyst, and would be regenerated at the same time as the EMxTM catalyst. Regeneration of the 
ESXTM catalyst would result in an off-gas consisting of H2S and/or SO2. The H2S/SOz off-gas 
would be discharged to the HRSG stack and emitted into the atmosphere. 

The EMxTM multi-pollutant control system has operated successfully on several smaller natural 
gas-fired units. Potential advantages of the EMXTM control system include the concurrent control 
of CO and VOC emissions and the fact that the control system does not use a reactant. However, 
there are a number of engineering challenges associated with applying this technology to larger 
plants with full scale operations such as the SGS Units 1-4. Potential issues include the 
following: 

0 For large-scale natural gas combined cycle (NGCC) applications, the EMxTM catalyst 
would have to be placed in the HRSG where the exhaust gas temperatures will be in the 
range of 500 to 700°F. Performance of the EMxTM catalyst in a high-temperature 
application has not been demonstrated in practice. 

The dampers and damper bearings, which are moving parts exposed to the hot exhaust 
gas, could present long-term maintenance and reliability problems. This is particularly 
true as the damper size and number of dampers increase, as would be necessary in order 
to use this technology for Units 1-4. 

Regeneration of the EMxTM catalyst would require hydrogen gas to be continuously 
generated (from natural gas) and introduced into the high-temperature zone of the HRSG. 
Because hydrogen gas is explosive, any leaks in the dampers used to isolate the catalyst 
for regeneration could create a serious hazard. 

In addition to periodic regeneration, the EMxTM catalyst would have to be cleaned at least 
once per year by removing the catalyst beds from the HRSG and dipping them in a 
potassium carbonate solution. 

The EMxTM and ESxTM processes have the potential to create additional air pollutants, 
such as hydrogen sulfide (HzS). Emissions of these additional pollutants have not been 
completely quantified. 

To date, the EMxTM (SCONOx) multi-pollutant control system has not been installed and 
operated on a large gas-fired combined cycle application. It is likely that SRP would be required 
to conduct extensive design engineering and testing to evaluate the technical feasibility and long- 
term effectiveness of the control system for Units 1-4. Therefore, at this time the EmTM control 
system is not considered an available NOx control system, and will not be further evaluated. 

Urea Iniection Systems (Selective Non-Catalytic Reduction and NOQutTM) 

Selective non-catalytic reduction (SNCR) involves the direct injection of ammonia (”,) or urea 
(CO(NH2)z) at flue gas temperatures of approximately 1600 - 1900 OF. The ammonia or urea 
reacts with NO, in the flue gas to produce N2 and water. The NO, reduction reactions in an 
SNCR are driven by the thermal decomposition of ammonia or urea and the subsequent reduction 
of NO,. SNCR systems do not employ a catalyst to promote these reactions. 

Flue gas temperature at the point of reagent injection can greatly affect NO, removal efficiencies 
and the quantity of reactant that will pass through the SNCR unreacted (e.g., slip). At 

0 

0 

0 
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temperatures below the desired operating range, the NO, reduction reactions diminish and 
unreacted reactant emissions increase. Above the desired temperature range, the reactant may be 
oxidized to NO, resulting in low NO, reduction efficiencies. The NO,OutTM process is a post- 
combustion NOx reduction method in which aqueous urea is injected into the flue gas stream. 
The urea reacts with NOx in the flue gas to produce N2 and water as shown below: 

(NH2)2CO + 2N0 + % 0 2  + 2H20 + C02 + 2N2 

The use of urea to control NO, emissions was developed under the sponsorship of the Electric 
Power Research Institute (EPRI). The urea-NO, reaction takes place over a narrow temperature 
range, below which ammonia is formed and above which NO, emission levels may actually 
increase. Fuel Tech's NOxOutTM process is a urea-based SNCR process that uses mechanical 
modifications and chemical injection hardware to widen the effective temperature range of the 
reaction to between 1,600 and 1,950"F. To date, commercial application of this system on large 
natural gas-fired combined cycle units has been limited. Based on a review of available 
literature, and engineering judgment, the NO,OutTM process is not considered a technically 
feasible NO, control option for the Units 1-4. NO, reduction reactions require flue gas 
temperatures in the range of 1,600 to 1,950"F; however, exhaust gas temperatures from Units 1-4 
will be in the range of 1,100"F. Increasing the exhaust gas temperature would significantly 
reduce the efficiency of the combustion turbine or require additional fuel consumption and 
installation of a flue gas heater. Neither option is considered practical for a gas-fired combined 
cycle unit. Therefore, at this time, NOxOutTM is not considered a technically feasible NO, 
control option for Units 1-4, and will not be considered further. 

Ammonia Iniection Systems (Thermal DeNOXTM) - 

Exxon Research and Engineering Company's Thermal DeNOXTM process utilizes an 
ammonia/NO, SNCR reaction to reduce NO, to nitrogen and water as shown in the following 
equation: 

4NH3 + 4N0 + O2 + 4N2 + 6H20 

Hamon Research Cottrell is licensed by Exxon-Mobil for the application of the ammonia based 
Thermal DeNOXTM process. The process consists of a high-temperature selective non-catalytic 
reduction of NO, using ammonia as the reducing agent. This process does not use a catalyst to 
aid the reaction, rather temperature control is used to direct the reactions. Optimum reaction 
temperatures for NO, reduction are between 1,600"F and 1,800"F. Below the optimum 
temperature range, ammonia does not fully react and can be released in the flue gas. Above the 
optimum temperature, the following competing reaction will begin to take place, which can result 
in increased NO, emissions: 

4H3 + 502 + 4 0  + 6H20 

To date, commercial applications of the Thermal DeNOXTM process have been limited to furnaces, 
heavy industrial boilers, and incinerators that consistently produce exhaust gas temperatures in 
the range of 1,800"F. Because exhaust gas volumes increase significantly with increased 
temperatures, application of the Thermal DeNOXTM process would require that flue gas handling 
systems be designed to handle larger high temperature flows. Similar to the NOxOutTM process, 
high capital and O&M costs are expected due to material requirements, additional equipment, and 
fuel consumption. It is likely that SRP would be required to conduct extensive design 

28 



Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL- 10495 

June 3,201 1 
Sargem 6. LrrndyLLc 

engineering and testing to evaluate the technical feasibility and long-term effectiveness of the 
control system on Units 1-4. Therefore, at this time the Thermal DeNOXTM control system is not 
considered an available NO, control system, and will not be further evaluated. 

Catalytic Combustion (XononTM) 

Catalytic combustion uses a catalyst within the combustor to oxidize a lean air-to-fuel mixture 
rather than burning with a flame. In a catalytic combustor the air and fuel mixture oxidizes at 
lower temperatures, producing less NO,. One technical challenge associated with catalytic 
combustion has been achieving catalyst life long enough to make the combustor commercially 
viable. 

The XononTM (“no NO,” spelled backwards) combustion system was originally developed by 
Catalytica Combustion Systems (now Catalytica Energy Systems). The XononTM control system 
works by partially burning fuel in a low temperature pre-combustor and completing the 
combustion in a catalytic combustor. The overall result is lower temperature partial combustion 
followed by flameless catalytic combustion to reduce NO, formation. To date, the system has 
successfully completed pilot- and full-scale testing, and has been demonstrated on a 1.5 MW 
Kawasaki gas turbine. However, the XononTM combustion system has not been demonstrated for 
extended periods of time on a large natural gas-fired combustion turbine. Applications of this 
technology have been in the 1 to 15 MW range. It is likely that SRP would be required to 
conduct extensive design engineering and testing to evaluate the technical feasibility and long- 
term effectiveness of the control system on Units 1-4. Therefore, at this time, catalytic 
combustion systems (including XononTM) are not considered available NO, control systems, and 
will not be further evaluated. 
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Table 5-2. Technical Feasibility of NO, Control Technologies (Units 1-4) 

Approximate 
Controlled NO, 
Emission Rate 

(ppmvd@15%02) 

In Service on 
Existing Gas- 

Fired Combined 
Cvcle Units? 

Control Technology Technically Feasible on the SGS Units 1-4? 

Yes - currently installed 
Baseline Combustion 
Controls @LN1 
Combustors) 

20 Yes 

Combustor Upgrades 8 Yes Yes 

SCR 
SCR + Combustor 
UDgrades 

2 Yes 

Yes 

Yes 

Yes 2 

Oxidation Catalyst w/ 
Potassium Carbonate 
Absorption (EMxTM 
formerly SCONOxTM) 

This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commercially available for the Units 1-4 
This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commerciallv available for the Units 1-4 

limited 
application NA 

Urea Injection Systems 
(Selective Non- 
Catalytic Reduction 
and NOxOutTM) 

limited 
application NA 

This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commerciallv available for the Units 1-4 

Ammonia Injection 
Systems (Thermal 
DeNOxTM) 

limited 
application NA 

NA 

This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commerciallv available for the Units 1-4 

Catalytic Combustion 
(XononTM) 

limited 
application 

5.2.3 Step 3: Rank the Technically Feasible NO, Control Options by Effectiveness 

The technically feasible and commercially available NO, control technologies are listed in Table 
5-3 in descending order of control efficiency. 
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Table 5-3. Ranking of Technically Feasible NO, Control Technologies (Units 1-4) 

Controlled NO, 
Emission Rate 

Control Technology (80-100% Load) 

(ppmvd@15%02) 

SCR + Combustor Upgrades 2 : Combustor Upgrades 

Baseline Combustion 
Controls @LN1 
Combustors) 

I 

% Reduction (from 
base case) 

90% I 
90% 

60% ~ 

NA I 

The most effective NO, control system, in terms of reduced emissions, that is considered to be 
technically feasible for the SGS Units 1-4 includes post-combustion SCR. The effectiveness of 
the SCR system is dependent on several site-specific system variables including inlet NO, 
concentrations, the type and size of the SCR catalyst system, flue gas temperatures, ammonia 
injection system design, and catalyst deactivation rate. This control option should be capable of 
achieving the most stringent controlled NO, emission rate on an on-going long-term basis. The 
other effective NO, control system that is considered technically feasible and commercially 
available is combustor upgrades. 

5.2.4 Step 4: Evaluation of Technically Feasible NO, Controls 

An evaluation of the economic, environmental and energy impacts of each technically feasible 
and commercially available NO, emissions control option is provided below. 

NO, Control Technologies - Economic Evaluation 

Economic impacts associated with the potentially feasible NO, control systems were evaluated 
using an approach that is similar to the methodology specified in the EPA’s New Source Review 
Workshop Manual (Draft, 1990). For the economic impact analysis, projected annual emissions 
(tpy) were used to evaluate average cost effectiveness (Le., dollar per ton removed). Annual 
emissions (tpy) were calculated assuming: (1) baseline control option emissions are equal to the 
actual, maximum reported level from years 2008 and 2009; (2) post-control emissions are equal 

31 



Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL-10495 

June 3,201 1 
Sargern & Lundy"= 

to the baseline control option emissions times the assumed percent reduction associated with each 
control ~ p t i o n . ~  

Cost estimates were compiled from a number of data sources. In general, the cost estimating 
methodology followed guidance provided in the EPA Air Pollution Cost Control M a n ~ a l . ~  Major 
equipment costs were developed based on information available from equipment vendors and 
equipment costs recently developed for similar projects. Capital costs include the equipment, 
material, labor, and all other direct costs needed to install the control technologies. Fixed and 
variable O&M costs were developed for each control system. 

Fixed O&M costs include operating labor, maintenance labor, maintenance material, and 
administrative labor. Variable O&M costs include the cost of consumables, including reagent (if 
applicable), byproduct management, and power requirements. The annual O&M Costs include 
both of these fixed and variable O&M components. O&M costs account for actual unit capacity 
factors provided by SRP. 

Maximum annual NO, emission rates associated with each NO, control technology are 
summarized in Table 5-4. Table 5-5 presents the capital costs and annual operating costs 
associated with building and operating each control system. Table 5-6 shows the average annual 
and incremental cost effectiveness for each control system. Detailed cost estimates are provided 
in Attachment 4. 

The baseline emission rates are currently based on actual reported emissions for 2008 and 2009. The 
emissions estimates that would be required to be used in a permitting action may be different depending on 
the timeline associated with the project. 

Number EPA 452/B-02-001, January 2002. 
U.S. Environmental Protection Agency, EPA Air Pollution Cost Control Manual, 6th Ed., Publication 4 
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Table 5-4. Annual NO, Emissions (Units 1-4) 

Control Technology 

SCR + Combustor 
Upgrades 

SCR 

Combustor Upgrades 

Baseline Combustion 
Controls (DLN1 
Combustors) 

Annual Emissions 
Rate(” 
@PY) 

17.2 

17.2 

68.7 

171.7 

Annual Reduction in 
Emissions (*) 

(tpy from base case) 

154.5 

154.5 

103.1 

(1) Baseline combustion control annual emissions based on maximum, actual emission rates for years 2008 and 2009. 
(2) Annual emissions reductions for SCR catalyst upgrade and combustor upgrade options are based on control 

efficiencies identified in Table 5-3 
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Control 
Technology 

SCR + 
Combustor 
Upgrades 

Total Capital Annual Capital Annual Operating Total Annual 
Investment Recovery Cost cost costs 

($) ($/year) ($/year) ($/year) 

$69,560,000 $7,688,000 $3,802,000 $1 1,490,000 

SCR 

Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 

I $49’612’000 

NA NA NA NA 

I $3’751’000 I $9’235’000 
$5,484,000 

SCR + 
Combustor 
Upgrades 

$2,204,000 

$1 1,490,000 

$75,000 $2,279,000 

rable 5-6. NO, Emissions Control System Cost Effectiveness (Units 1-4) 

Total Annual 
costs 

($/year) 

Control 
Technology 

Annual Emission 
Reduction 

(tPY) 

Average Annual 
Cost Effectiveness 

($/ton) 

Incremental Annual 
Cost Effectiveness 

($/ton) 

154,5 $74,369 $179,202‘” 

SCR $9,235,000 154,5 $59,773 $135,595 

Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 

NA NA NA 

NA 

NA 

(1) Incremental cost effectiveness based on comparison with combustion upgrade option. 
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Table 5-6 indicates that the average cost effectiveness of the NO, control systems for Units 1-4 
range from approximately $22,104 per ton (combustor upgrades) to $74,369 per ton (SCR + 
combustor upgrades). Equipment costs, energy costs, and annual operating costs (e.g., routine 
catalyst replacement) all have a significant impact on the cost of the SCR system. 

Total capital costs associated with the SCR systems for Units 1-4 (estimated at $49,612,000), as 
well as O&M costs (including power costs and catalyst replacement costs) are both significant. 
The total power costs associated with increased backpressure on the turbine resulting from the 
SCR system installations are estimated to be $40,000 per year. The total annual costs associated 
with reagent use, catalyst replacement, and catalyst disposal are estimated to be $307,000 per 
year. Total annual costs associated with the SCR system installation, including capital recovery 
are estimated to be $9,235,000 per year. 

The significant increase in total annual costs coupled with the relatively small decrease in annual 
emissions (approximately 155 tpy) results in a very high average cost effectiveness for SCR 
systems. The average cost effectiveness of the SCR systems (estimated to be $59,773 per ton 
NO, removed) is higher than the costs associated with the combustor upgrade option. The 
incremental cost associated with SCR is estimated to be $135,595 per ton. Both capital costs and 
annual O&M costs are significantly higher with SCR and contribute to the high cost effectiveness 
numbers. 

Total capital costs associated with the combustor upgrade option for Units 1-4 are estimated to be 
$19,948,000. The combustor upgrades are expected to result in an increased heat rate, thereby 
increasing the annual fuel costs by approximately $75,000 per year. Total annual costs associated 
with the combustor upgrades are estimated to be $2,279,000 per year. The increase in total 
annual costs coupled with the relatively small decrease in annual emissions (approximately 103.1 
tpy) results in a relatively high average cost effectiveness for combustor upgrades. The average 
cost effectiveness of the combustor upgrades option is estimated to be $22,104 per ton NO, 
removed. 

The option to install an SCR system along with upgrades to the CT combustors is the least cost 
effective control option. Installing SCR (without combustor upgrades) will achieve the same 
emissions reduction at a lesser cost than SCR with combustor upgrades. 

NO, Control Technologies - Environmental Impacts 

Combustion modifications designed to decrease NO, formation (lower temperature and less 
oxygen availability) also tend to increase the formation and emission of CO and VOC. 
Therefore, the combustion controls must be designed to reduce the formation of NO, while 
maintaining CO and VOC formation at an acceptable level. 

Operation of an SCR system has certain collateral environmental consequences. First, in order to 
maintain a stringent NO, emission rate some excess ammonia will pass through the SCR. 
Ammonia slip will increase with lower NO, emission limits, and will also tend to increase as the 
catalyst becomes deactivated. Ammonia slip from an SCR designed to control NO, emissions 
from a natural gas fired combined cycle unit is expected to be approximately 10 ppm or less, 
however, ammonia emissions are of concern because ammonia is a potential contributor to 
regional secondary particulate formation and visibility degradation. 
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Second, undesirable reactions can potentially occur in an SCR system, including the oxidation of 
NH3 and SO2 and the formation of sulfate salts. A fraction of the SO2 in the flue gas 
(approximately 1 - 1.5%) will oxidize to SO, in the presence of the SCR catalyst. SO3 can react 
with water to form sulfuric acid mist (H2SO4) or with the ammonia slip to form ammonium 
sulfate ((NH4)2S04). Sulfuric acid mist and ammonium sulfate could increase total PMK, 
emissions from the unit. 

Another environmental impact associated with SCR is disposal of the spent catalyst. Some of the 
catalyst used in SCR systems must be replaced every three to five years. These catalysts typically 
contain heavy metals including vanadium pentoxide. Vanadium pentoxide is an acute hazardous 
waste under the Resource Conservation and Recovery Act (RCRA), Part 261, Subpart D - Lists 
of Hazardous Materials. The annual cost associated with proper material handling controls must 
be initiated when handling and disposing of the spent catalyst. 

NO, Control Technologies -Energy Impacts 

Compared with the existing DLNl combustors, new DLN1+ combustors may reduce the 
efficiency of Units 1-4. Based on vendor information for the DLN1+ combustor, the power 
output for Units 1-4 could be reduced by approximately 1.2 MW and the heat rate could increase 
by 4 BtukWh. Assuming a 1.2 MW power output reduction, a power cost of $5O/MWh, and a 
capacity factor of approximately 14%, reduced power costs for combustor modifications will 
be$75,000 per year. This cost was included in the economic impact evaluation of the combustor 
modification option, and contributes to the relatively high cost effectiveness value of the system 
for the control of NO, emissions. 

Post-combustion NO, control with an SCR system increases the pressure drop of the combustion 
turbine exhaust thereby reducing the combustion turbine power output. Based on engineering 
calculations and information provided by catalyst vendors, upgrading the existing oxidation 
catalyst system to achieve greater than 80% reduction in NO, emissions will result in an 
increased pressure drop of approximately 2.0 in. W.C. per unit. Assuming 80 kW/inch power 
output reduction, a power cost of $50/MWh, and a capacity factor of approximately 14%, total 
reduced power costs for the SCR control systems will be $40,000 per year. This cost was 
included in the economic impact evaluation of the SCR systems option, and contributes to the 
relatively high cost effectiveness value of the system for the control of NO, emissions. 

A summary of the Step 4 economic and environmental impact analysis is provided in Table 5-7. 
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$74,369 

Table 5-7. Summary of NO, Controls Evaluation (Units 1-4) 

$179,202“’ 

Emissions 
Reduction 

@PY) 

$59,773 

Total Annual 
costs 

($/year) 

$135,595 

Incremental 
Annual Cost 
Effectiveness 

(%/ton) 

Average Cost 
Effectiveness 

($/ton) 

Control 
Technology 

Emissions 
(tPY) 

Environmental 
Impact 

Ammonia 
emissions, 
increased 
PMICONOC 
emissions, and 
catalyst disposal 

SCR + 
Combustor 
Upgrades 

17.2 154.5 $11,490,000 

Ammonia 
emissions, 
increased PM 
emissions, and 
catalyst disposal. 

154.5 $9,235,000 SCR 

Combustor 
Upgrades 

17.2 

68.7 

Potential to 
increase CONOC 
emissions. 103.1 $2,279,000 NA $22,104 

Baseline 
Combustion 
Controls 
(DLN1 

171.7 NA NA NA 

Combustors) 
based on compai on with combustion upgrade option. 

5.2.5 

The NO, control technology evaluation for Units 1-4 has shown that the combustor upgrade and 
SCR control options are technically feasible and effective control systems in terms of reduced 
emissions. An economic evaluation performed for each option indicates that, based on the use of 
actual baseline emissions and capacity factors, expected emissions reductions, and estimated 
control costs, the average annual cost effectiveness of the NO, control systems for Units 1-4 
range from $22,104 per ton (combustor upgrades) to $74,369 per ton (SCR + combustor 
upgrades) NO, removed. 

EPA has not defined a cost threshold at which NO, control technologies for existing power plants 
are considered “cost effective.” Cost effectiveness thresholds are typically set at the discretion of 
regulating agencies on a project-specific basis. However, based on a review of publicly available 
documents, it is common for agencies to consider NO, control options “cost prohibitive” at levels 
exceeding $10,000 per ton NO, removed (see Attachment 8 for a table of reference documents). 
Therefore, based on the range of costs identified for SGS Units 1-4 NO, control options, and an 
assumed cost effectiveness threshold of $10,000 per ton NO, removed, NO, emissions 
improvements for SGS Units 1-4 would be considered cost prohibitive. 

Step 5: Summary of Potential NO, Improvements for Units 1-4 
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5.3 

5.3.1 

Because the cost effectiveness values are dependent upon the assumed utilization of each unit, 
figures showing NO, control cost sensitivities versus capacity factors have been prepared and can 
be found in Attachment 5. 

CO CONTROL OPTIONS FOR UNITS 1-4 

Emissions of carbon monoxide (CO) result from incomplete fuel combustion. CO is formed from 
the partial oxidation of fuel carbon. Factors that influence CO formation include improper fuel-to 
air ratios, inadequate fuel mixing, inadequate combustion temperatures, and reduced excess 0 2 .  

Combustion turbine operation at lower loads (below approximately 50%) can also affect 
combustion controls and the formation of CO. 

In natural gas-fired combustion turbines, combustion controls designed to minimize NOx 
formation, including sub-stoichiometric combustion and reduced peak combustion temperatures, 
can increase the formation of CO. NOx control methods such as lean premix combustion, low 
flame temperature, and waterhteam injection can increase CO. Combustors can be designed to 
minimize the formation of CO while reducing the peak combustion temperature and NOx 
emissions. 

Step 1: Identify Feasible CO Control Options 

Potentially available control options were identified based on a comprehensive review of 
available information. CO control technologies with potential application to the SGS Units 1-4 
are listed in Table 5-8. 

Table 5-8. List of Potential CO Control Options (Units 1-4) 

Control Technology 

Baseline Combustion Controls (DLNl 
Combustors) and Existing CO Catalyst System 

I Combustor Upgrades and Existing CO Catalyst I System 

I CO Catalyst System Upgrades I 
CO Catalyst System Upgrades and Combustor 
Upgrades 

Oxidation Catalyst w/ Potassium Carbonate 
Absorption (EMxTM formerly SCONOxTM) 

Catalytic Combustion (XononTM) 

5.3.2 

The potential CO control options identified in Table 5-8 are described below. In addition to 
providing a description of each potential control technology, technically feasible and 
commercially available control options are identified. 

Step 2: Technical Feasibility of CO Control Options 
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5.3.2.1 Baseline Combustion Controls (DLN1 Combustors) and Existing CO Catalyst 

Units 1-4 currently utilize combustion controls and an oxidation catalyst system to minimize CO 
emissions. A general description of current and potential CO emissions controls for SGS Units 1- 
4 is provided below. 

Baseline Combustion Controls (DLN Combustors) 

As discussed in Section 5.2.2.1, combustion controls designed to minimize NOx formation, 
including lower peak combustion temperatures and less excess oxygen, tend to increase the 
formation of CO emissions. Burner vendors attempt to address these issues by improving fuel air 
mixing and ensuring adequate residence times within the combustion zone. Improved mixing 
will minimize the potential for fuel-rich areas and the resulting formation of CO. Increased 
residence time within the combustion zone provides the oxygen needed for more complete 
oxidation. 

A properly designed and operated combustion turbine effectively functions as a thermal oxidizer. 
CO formation is minimized when combustion turbine temperature and excess oxygen availability 
are adequate for complete combustion. Minimizing CO emissions is also in the economical best 
interest of the combustion turbine operator because CO represents unutilized energy exiting the 
process. Proper combustor design and operation can minimize NO, emissions, while maintaining 
CO at acceptable levels. 

The original combustors for Units 1 through 4 were replaced with GE's Dry Low NO, (DLN-1) 
combustors in 2001. The DLN-1 combustors are two-stage premix combustors designed to fire 
both natural gas and fuel oil. The DLN-1 combustors for Units 1-4 were required to achieve CO 
levels of 10 ppmvd @ 15% O2 and NO, levels of 20 ppmvd @ 15% O2 while firing natural gas. 

Baseline Post-Combustion Controls (Oxidation Catalyst) 

Catalytic oxidation systems are designed to oxidize CO to COZ. Catalytic oxidation is a post- 
combustion technology which reduces CO emissions without the addition of chemical reagents. 
The oxidation catalyst, typically consisting of a noble metal, promotes the oxidation of CO at 
temperatures approximately 50% below the temperature required for oxidation without the 
catalyst. The operating temperature range for commercially available CO oxidation catalysts is 
between 650 and 1,150"F. On a natural gas-fired combined cycle unit this temperature window 
occurs within the HRSG. 

Oxidation catalyst efficiency varies with inlet CO concentration, inlet gas temperature, and flue 
gas residence time. In general, removal efficiency will increase with increased flue gas 
temperatures and increased catalyst bed depth. Bed depth will be limited by pressure drop across 
the catalyst. 

Oxidation catalyst systems were installed on Units 1-4 in 2003. These systems were designed to 
achieve 60% CO reduction, or a controlled CO level of 4 ppmvd @ 15% 0 2 .  Approximately 70 
ft3 of catalyst is currently installed in the CT plenum outlet where exhaust temperatures are 
approximately 1000°F. As indicated in Section 4.1.2, Units 1-4 are generally achieving less than 
4 ppm CO at full and mid loads. 

5.3.2.2 Combustion Controls Upgrades and Existing CO Catalyst System 

System 
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Since 2001, DLN combustor technology has matured and DLN systems installed on new 
combustion turbines have demonstrated the ability to achieving both NO, and CO levels below 10 
ppmvd @ 15% 02. Combustor upgrades are a technically feasible and commercially available 
option for reducing CO emissions. Based on information from combustor vendors, combustor 
upgrades can be implemented to minimize both NO, and CO emissions. For this evaluation, 
Units 1-4 will be based on a controlled CO level of 9 ppmvd @ 15% O2 while firing natural gas 
and operating from 50% to 100% load. A CO level 9 ppmvd @ 15% Oz assumes that the 
combustors will be designed to achieve a NO, level of 8 ppmvd @ 15% 02. 

Units 1-4 currently include CO catalyst systems that are designed to achieve 60% CO reduction. 
With an uncontrolled CO level 9 ppmvd @ 15% 0 2 ,  the CO catalyst would therefore be capable 
of reducing CO emissions to 3.6 ppmvd @ 15% 02, which represents a CO reduction of 
approximately 10% from the baseline level of 4 ppm. 

5.3.2.3 CO Catalyst System Upgrades 

As described above, the oxidation catalyst systems that are currently installed on Units 1-4 are 
designed to achieve 60% CO reduction. Approximately 70 ft3 of catalyst is currently installed in 
the CT plenum outlet where exhaust temperatures are approximately 1000°F. Based on review of 
current HRSG and oxidation catalyst system design information, catalyst system modifications 
can be made thereby resulting in reduced CO emissions. 

Catalytic oxidation systems for natural gas-fired combined cycle units have been designed, and 
demonstrated the ability, to achieve controlled CO emissions of 2.0 ppmvd @ 15% Oz. CO 
catalyst upgrades on Units 1-4 would consist of (1) removing the existing catalyst, internal frame 
and expansion seals, (2) installing new ceramic based catalyst modules (catalyst volume would be 
increased), (3) modifying or replacing the duct spool piece. 

Oxidation catalyst system upgrades are considered technically feasible and commercially 
available control options for Santan Units 1- 4. Based on a review of emission rates achieved in 
practice at similar sources and emission limits included in recently issued PSD permits for natural 
gas-fired combined cycle facilities, it is concluded that an upgraded oxidation catalyst system 
could be designed to achieve a controlled CO emission rate of 2.0 ppmvd @ 15% 0 2  at loads 
ranging from 50 to loo%, thereby representing a CO reduction of approximately 50% from the 
baseline level. 

5.3.2.4 Oxidation Catalyst w/ Potassium Carbonate Absorption 

The EMxTM (formerly SCONOxTM) control system is described in the NO, control technology 
analysis (section 5.2.2.2). EMxTM is a post-combustion, multi-pollutant control technology that 
uses a coated oxidation catalyst to remove NO,, CO, and VOC emissions in the turbine exhaust 
gas by oxidizing CO to C02, NO to NOz, and hydrocarbons to C02 and water. The COz is then 
emitted to the atmosphere, and the NO2 is absorbed onto the potassium carbonate coating on the 
EMxTM catalyst to form potassium nitratehitrite. Depending on flue gas temperatures, the 
EMxTM oxidation catalyst should achieve CO removal efficiencies similar to those achievable 
with an oxidation catalyst. 

As discussed in section 5.2.2.2, there are several currently unresolved technical issues associated 
with application of the control technology on a large natural gas-fired combined cycle unit. 
Potential issues include: 
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For large-scale combined cycle applications, the EMxTM catalyst would have to be placed 
in the HRSG where the exhaust gas temperatures will be in the range of 500 to 700 OF. 
Performance of the EMxTM catalyst in a high-temperature application has not been 
demonstrated in practice. 

The dampers and damper bearings, which are moving parts exposed to the hot exhaust 
gas, could present long-term maintenance and reliability problems. This is particularly 
true as the damper size and number of dampers increase, as would be necessary in order 
to use this technology for Units 1-4. 

Regeneration of the EMxTM catalyst would require hydrogen gas to be continuously 
generated (from natural gas) and introduced into the high-temperature zone of the HRSG. 
Because hydrogen gas is explosive, any leaks in the dampers used to isolate the catalyst 
for regeneration could create a serious hazard. 

In addition to periodic regeneration, the EMxTM catalyst would have to be cleaned at least 
once per year by removing the catalyst beds from the HRSG and dipping them in a 
potassium carbonate solution. 

The EMxTM and ESxTM processes have the potential to create additional air pollutants, 
such as hydrogen sulfide (HzS). Emissions of these additional pollutants have not been 
completely quantified. 

To date, the EMxTM (SCONOx) multi-pollutant control system has not been installed and 
operated on a large combined cycle application. It is likely that SRP would be required to 
conduct extensive design engineering and testing to evaluate the technical feasibility and long- 
term effectiveness of the control system for Units 1-4. Therefore, at this time the EMxTM control 
system is not considered an available CO control system, and will not be further evaluated in this 
analysis. 

5.3.2.5 Catalytic Combustion (XononTM) 

Catalytic combustion systems are described in the NO, control evaluation (section 5.2.2.2). 
Catalytic combustion uses a catalyst within the combustor to oxidize a lean air-to-fuel mixture 
rather than burning with a flame. In a catalytic combustor the air and fuel mixture oxidizes at 
lower temperatures, producing less NO,, and potentially lower CO emissions. One technical 
challenge associated with catalytic combustion has been achieving catalyst life long enough to 
make the combustor commercially viable. The XononTM combustion system works by partially 
burning fuel in a low temperature pre-combustor and completing the combustion in a catalytic 
combustor. The overall result is lower temperature partial combustion followed by flameless 
catalytic combustion to reduce CO formation. 

As described in section 5.2.2.2, to date, the system has successfully completed pilot- and full- 
scale testing, and has been demonstrated on a 1.5 MW Kawasaki gas turbine. However, the 
XononTM combustion system has not been demonstrated for extended periods of time on a large 
natural gas-fired combustion turbine. Applications of this technology have been in the 1 to 15 
MW range. It is likely that SRP would be required to conduct extensive design engineering and 
testing to evaluate the technical feasibility and long-term effectiveness of the control system for 
Units 1-4. Therefore, at this time, catalytic combustion systems (including XononTM) are not 
considered available CO control systems, and will not be further evaluated in this analysis. 
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The results of Step 2 of the CO control technology analysis (technical feasibility analysis of 
potential CO control technologies) are summarized in Table 5-9. 

Table 5-9. Technical Feasibility of CO Control Technologies (Units 1-4) 

Control Technology 

Baseline Combustion 
Controls (DLN1 
Combustors) and 
Existing CO Catalyst 
System 

Combustor Upgrades 
and Existing CO 
Catalyst System 

CO Catalyst System 
Upgrades 

CO Catalyst System 
Upgrades and 
Combustor Upgrades 

Oxidation Catalyst w/ 
Potassium Carbonate 
Absorption (EMxTM 
formerly SCONOxTM) 

Catalytic Combustion 
(XononTM) 

Approximate 
Controlled CO 
Emission Rate 

(ppmvd@15%02) 

4 

3.6 

2 

2 

NA 

NA 

In Service on 
Existing Gas- 

Fired Combined 
Cycle Units? 

Yes 

Yes 

Yes 

Yes 

limited 
application 

limited 
application 

Technically Feasible on the SGS Units 1-4? 

Yes - currently installed 

Yes 

Yes 

Yes 

This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commercially available for the Units 1-4 
This control technology has not been 
demonstrated on a large gas fired 
combined cycle unit, and, at this time, is 
not considered technically feasible or 
commerciallv available for the Units 1-4 

5.3.3 Step 3: Rank the Technically Feasible CO Control Options by Effectiveness 

The technically feasible and commercially available CO control technologies are listed in Table 
5- 10 in descending order of control efficiency. 
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Table 5-10. Ranking of Technically Feasible CO Control Technologies (Units 1-4) 

Controlled CO 
Emission Rate 

(80-100% loads) 
YO Reduction (from 

base case) 

I Approximate -1 

CO Catalyst System 

Upgrades 
Upgrades and Combustor 

(ppmvd@15%02) 

2 50% 

CO Catalyst System 
UDgrades I 2 

Combustor Upgrades and 
Existing CO Catalyst 
Svstem 

3.6 

50% 

10% 

Baseline Combustion 
Controls (DLN1 
Combustors) and Existing 
CO Catalyst System 

4 NA 

The most effective CO control system, in terms of reduced emissions, that is considered to be 
technically feasible for Units 1-4 consists of upgrades to the Units’ existing oxidation catalyst 
system. The effectiveness of the oxidation catalyst system is dependent on several site-specific 
system variables including inlet CO concentrations, the size of the oxidation catalyst system (e.g., 
catalyst volume), flue gas temperatures, and catalyst deactivation rate. This combination of 
controls should be capable of achieving the most stringent controlled CO emission rates on an on- 
going long-term basis. The other effective CO control system that is considered technically 
feasible and commercially available is combustor upgrades (install DLN1+ combustors). 

5.3.4 Step 4: Evaluation of Technically Feasible CO Controls 

An evaluation of the economic, environmental and energy impacts of each technically feasible 
and commercially available CO emissions control option is provided below. 

CO Control Technologies - Economic Evaluation 

Economic impacts associated with the potentially feasible CO control systems were evaluated in 
accordance with guidelines found in EPA’s New Source Review Workshop Manual (Draft, 
1990). For the economic impact analysis, projected annual emissions (tpy) were used to evaluate 
average cost effectiveness (i.e., dollar per ton removed). Annual emissions (tpy) were calculated 
assuming: (1) baseline control option emissions are equal to the actual, maximum reported level 
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from years 2008 and 2009; (2) post-control emissions are equal to the baseline control option 
emissions times the assumed percent reduction associated with each control ~ p t i o n . ~  

Cost estimates were compiled from a number of data sources. In general, the cost estimating 
methodology followed guidance provided in the EPA Air Pollution Cost Control Manual. Major 
equipment costs were developed based on published information available from equipment 
vendors and equipment costs recently developed for similar projects. Capital costs include the 
equipment, material, labor, and all other direct costs needed to install the control technologies. 
Fixed and variable O&M costs were developed for each control system. 

Fixed O&M costs include operating labor, maintenance labor, maintenance material, and 
administrative labor. Variable O&M costs include the cost of consumables, including reagent (if 
applicable), byproduct management, and power requirements. The annual O&M costs include 
both of these fixed and variable O&M components. O&M costs account for actual unit capacity 
factors provided by SRP. 

Maximum annual CO emission rates associated with each CO control technology are summarized 
in Table 5-1 1. Table 5-12 presents the capital costs and annual operating costs associated with 
building and operating each control system. Table 5-13 shows the average annual and 
incremental cost effectiveness for each control system. Detailed cost estimates are provided in 
Attachment 6. 

The baseline emission rates are currently based on actual reported emissions for 2008 and 2009. The 
emissions estimates included in this evaluation are subject to change if the potential project timeline and 
respective baseline periods are adjusted. 
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24.9 

44.9 

Table 5-11. Annual CO Emissions (Units 1-4) 

24.9 

4.9 

Control Technology 

CO Catalyst System Upgrades 

CO Catalyst System Upgrades 
and Combustor Upgrades 

Combustor Upgrades and 
Existing CO Catalyst System 

Baseline Combustion Controls 
(DLN1 Combustors) and Existing 
CO Catalyst System 

Annual Emissions Annual Reduction in 
Rate(’) Emissions(*’ 

24.9 I 24.9 

50.0 

(1) Baseline combustion control annual emissions based on maximum, actual emission rates for years 2008 and 2009 
(2) Annual emissions reductions for CO catalyst upgrade and combustor upgrade options are based on control 

efficiencies identified in Table 5-10 
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Table 5-12. CO Emissions Control System Cost Summary (Units 1-4) 

Control 
Technology 

CO Catalyst 
System 
Upgrades 

CO Catalyst 
System 
Upgrades and 
Combustor 
Upgrades 
Combustor 
Upgrades and 
Existing CO 
Catalyst 
Svstem 
Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 
and Existing 
CO Catalyst 
System 

Total Capital 
Investment 

($1 

$7,784,000 

$27,732,000 

$19,948,000 

NA 

Annual Capital 
Recovery Cost 

($/vear1 

$8 6 0,O 0 0 

$3,064,000 

$2,204,000 

NA 

Annual Operating 
cost 

($/year) 

$731.000 

$804,000 

$73,000 

NA 

Total Annual 
costs 

($/vear1 

$1,591,000 

$3,868,000 

$2,277,000 

NA 
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Total Annual 
costs 

Table 5-13. CO Emissions Control System Cost Effectiveness (Units 1-4) 

Annual Emission Average Annual 
Reduction Cost Effectiveness Control 

Technology 
($/year) 

CO Catalyst 
System 
Upgrades 

CO Catalyst 
System 
Upgrades and 
Combustor 
Upgrades 
Combustor 
Upgrades and 
Existing CO 
Catalyst 
System 
Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 
and Existing 
CO Catalyst 
System 

(tPY) ($/ton) 

$1,59 1,000 

~ 

$3,868,000 24.9 

$2,277,000 

NA 

4.9 

NA 

$63,895 

$155,341 

$464,694 

NA 

Incremental Annual 
Cost Effectiveness 

($/ton) 

NA 

$79.550 

NA 

NA 

Table 5-13 indicates that the average annual cost effectiveness of the CO control systems for 
Units 1-4 range from $63,895 per ton (CO catalyst upgrades) to $464,694 per ton (combustor 
upgrades) CO removed. Equipment costs, energy costs, and annual operating costs (e.g., routine 
catalyst replacement) all have a significant impact on the cost of the oxidation catalyst control 
system. 

Total capital costs associated with oxidation catalyst system upgrades for Units 1-4 (estimated at 
$7,784,000), as well as O&M costs (including power costs and catalyst replacement costs) are 
both significant. The total differential power costs associated with increased backpressure on the 
turbine resulting from the catalyst system upgrades are estimated to be $39,000 per year. The 
total differential catalyst replacement costs are estimated to be in the range of $692,000 per year. 
Total annual costs associated with the oxidation catalyst system upgrades, including capital 
recovery are estimated to be $1,591,000 per year. The significant increase in total annual costs 
coupled with the relatively small decrease in annual emissions (estimated at 24.9 tpy) results in a 
very high average cost effectiveness for the oxidation catalyst control system upgrades. 

The other technically feasible and commercially available options (i.e., upgrade the CT 
combustors, and CO catalyst system upgrades and combustor upgrades) are even less cost 
effective control options. Oxidation catalyst system upgrades will achieve greater emissions 
reduction for less cost than the other options. 
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CO Control Technologies - Environmental Impacts 

Combustion modifications designed to decrease CO formation also tend to increase the formation 
and emission of NO,. Combustion controls, including dry low- NO, burners, need to be designed 
to reduce the formation of NO, while maintaining CO at acceptable levels. Other than the NO, 
/CO trade-off, there are no environmental issues associated with using combustion controls to 
reduce CO emissions from a natural gas-fired combustion turbine. 

Operation of an oxidation catalyst control system has certain collateral environmental 
consequences. The most significant environmental impact is associated with increased 
condensable PMlo emissions. The oxidation catalyst also tends to oxidize flue gas SO2 to SO3. 
Based on information available from catalyst vendors, the SOz to SO3 oxidation rate varies with 
flue gas temperatures, but will be in the range of 50% for high temperature CO catalyst. SO3 can 
react with water to form sulfuric acid mist, or with ammonia slip from the SCR to form 
ammonium sulfate and/or ammonium bisulfate. Sulfuric acid mist and ammonium sulfate are 
classified as condensable particulates; thus, oxidation catalyst control could possibly result in 
increased PMlo emissions. 

CO Control Technologies -Energy Impacts 

Compared with the existing DLNl combustors, new DLN1+ combustors may reduce the 
efficiency of Units 1-4. Based on vendor information for the DLNl+ combustor, the Units 1-4 
power output could be reduced by approximately 1.2 MW and the heat rate could increase by 4 
Btu/kWh. Assuming a 1.2 MW power output reduction, a power cost of $50/MWh, and a 
capacity factor of approximately 14%, reduced power costs for combustor modifications will 
$73,000 per year. This cost was included in the economic impact evaluation of the combustor 
modification option, and contributes to the relatively high cost effectiveness value of the system 
for the control of CO emissions. 

Post-combustion CO control with an oxidation catalyst control system increases the pressure drop 
of the combustion turbine exhaust. The additional pressure drop results in a reduction in the 
combustion turbine power output. Based on engineering calculations and information provided 
by catalyst vendors, upgrading the existing oxidation catalyst system to achieve greater than 80% 
reduction in CO emissions will result in an increased pressure drop of approximately 2.0 in. W.C. 
per unit. Assuming 80 kW/inch power output reduction, and a power cost of $SO/MWh, and a 
capacity factor of approximately 14%, total reduced power costs for the oxidation catalyst control 
system will be $39,000 per year. This cost was included in the economic impact evaluation of the 
oxidation catalyst system, and contributes to the relatively high cost effectiveness value of the 
system for the control of CO emissions. 

A summary of the Step 4 economic, environmental and energy impact analysis is provided in 
Table 5-14. 
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Table 5-14. Summary of CO Controls Evaluation (Units 1-4) 

Emissions 
Reduction 

(tPY) 

Total Annual 
costs 

($/year) 

Average Cost 
Effectiveness 

($/ton) 

Incremental 
Annual Cost 
Effectiveness 

($/ton) 

Control 
Technology 

Emissions 
@PY) 

Environmental 
Impact 

Increased H2S04 
/ PM emissions, 
and catalyst 
disposal. 

Increased H2S04 
/ PM emissions, 
and catalyst 
disposal. 

CO Catalyst 
System 
Upgrades 

24.9 24.9 $1,591,000 $63,895 NA 

CO Catalyst 
System 
Upgrades and 
Combustor 
Upgrades 
Combustor 
Upgrades and 
Existing CO. 
Catalyst 
System (’) 
Baseline 
Combustion 
Controls 
(DLN1 
Combustors) 
and Existing 
CO Catalyst 
System 

(1) Control option 

24.9 24.9 $3,868,000 

$2,277,000 

$1 55,34 1 

$464,694 

$79,550 

NA 44.9 4.9 NA 

50.0 NA NA NA NA NA 

i considered “iI :rior” 

5.3.5 

The CO control technology evaluation for Units 1-4 has shown that combustor upgrade and 
oxidation catalyst upgrade options are technically feasible and effective control systems in terms 
of reduced emissions. An economic evaluation performed for each option indicates that, based on 
the use of actual baseline emissions and capacity factors, expected emissions reductions, and 
estimated control costs, the average annual cost effectiveness of the CO control systems for Units 
1-4 range from $63,895 per ton (CO catalyst upgrades) to $464,694 per ton (combustor upgrades) 
CO removed. 

EPA has not defined a cost threshold at which CO control technologies for existing power plants 
are considered “cost effective.” Cost effectiveness thresholds are typically set at the discretion of 
regulating agencies on a project-specific basis. However, based on a review of publicly available 
documents, it is common for agencies to consider CO control options “cost prohibitive” at levels 
exceeding $4,000 per ton CO removed (see Attachment 8 for a table of reference documents). 
Therefore, based on the range of costs identified for SGS Units 1-4 CO control options, and an 

Step 5: Summary of Potential CO Improvements for Units 1-4 
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assumed cost effectiveness threshold of $4,000 per ton CO removed, CO emissions 
improvements for SGS Units 1-4 would be considered cost prohibitive. 

Because the cost effectiveness values are dependent upon the assumed utilization of each unit, 
figures showing CO control cost sensitivities versus capacity factors have been prepared and can 
be found in Attachment 7. 

5.4 PROJECT SCHEDULE 

5.4.1 Introduction 

Summary Level project schedules for development, design, construction, and startup of the 
project were prepared based on a multiple firm price construction contracting strategy. The 
schedule, as currently outlined, represents the most cost effective and least risky option. 
However, there exists some flexibility in activity durations, equipment lead times, and 
predecessor/successor relationships at the risk of higher financial expense. That notwithstanding, 
as shown below, permitting timelines (including uncertainty associated with greenhouse gas 
permitting requirements) and constructability issues that could preclude activities being 
completed on multiple units simultaneously, would in most circumstances prevent the work from 
being completed in accordance with the time frame established in Condition 38 of the Santan 
CEC. 

The construction contracts for the Combustor Upgrades, Oxidation Catalyst Replacement, and 
Combustor Upgrades plus Oxidation Catalyst Replacement option would include: 
0 

Oxidation Catalyst Installation 

Start-up & Commissioning 

Performance Testing & Inspection 

GT Combustor Replacement Specification (including installation) 

The construction contracts for the SCR option and the Combustor Upgrades plus SCR option 
would include: 

Underground Survey 

Above ground Survey 

Substructure 

Start-up & Commissioning 

0 Performance Testing & Inspection 

Project Milestones - Combustor Upgrades Option 

Mechanical & Structural General Work 
Electrical & Instrumentation General Work 

5.4.2 

The total project duration, from a decision to proceed to the completion of the tie-in outage is 
approximately 24 months for the first unit. Although space constraints would not preclude the 
work on all four units from being completed at the same time, this type or work is normally 
conducted in accordance with other planned major maintenance events in future years. Based on 
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Milestone 

Decision to Proceed 
Submit Air Permit Applications 
Permit Issuance 

5.4.3 

Months After 
Decision To Proceed 

0 
3 
15 

SGS’s prior combustor replacement activities, an 8 week outage to install the upgrades is used for 
each unit. 

Start Construction 

Development of the schedule was based on the following milestones: 

Table 5-15. Combustor Upgrades Schedule Milestones 

20 
Complete Construction 

I Award Combustor Redacement Contract I 15 I 

22 
I Final Performance Test Report 24 

Milestone 

Decision to Proceed 
Submit Air Permit Applications 
Permit Issuance 

The total project duration, from a decision to proceed to the completion of the tie-in outage is 
approximately 28 months for the first unit. Space constraints could preclude the work on all four 
units from being completed at the same time. In addition, this type of work is normally 
conducted in accordance with other planned major maintenance events, so subsequent units 
would be expected to be completed in future years. An 8 week outage to install the upgrades is 
assumed for each unit, similar to the combustor replacement option. This outage duration may be 
conservative, since the work is expected to be limited to replacement of catalyst modules and 
installation of flow correction devices. 

Months After 
Decision To Proceed 

0 
3 
15 

Development of the schedule was based on the following milestones: 

Table 5-16. Oxidation Catalyst Replacement Schedule Milestones 

Award Performance Testing Contract 
Flow Model Test Report 
Award Oxidation Catalyst Installation Contract 

16 
19 
21 

I Start Construction I 24 I 
I Comdete Tie In Outage I 26 I 
I Final Performance Test ReDort I 28 I 
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Months After 
Decision To Proceed 

5.4.4 Project Milestones - Oxidation Catalyst Replacement & Combustor Upgrades Option 

The total project duration, from a decision to proceed to the completion of the tie-in outage is 
approximately 28 months for the first unit. The schedule is effectively the same as the oxidation 
catalyst schedule above, with the addition of the award of the combustor upgrade contract. 

Development of the schedule was based on the following milestones: 

Table 5-17. Oxidation Catalyst Replacement & Combustor Upgrades Schedule Milestones 

Decision to Proceed 
Submit Air Permit Applications 
Permit Issuance 

0 
3 
15 

Award Combustor Replacement Contract 
Award Oxidation Catalyst & Flow Model Contract 
Award Performance Testing Contract 
Flow Model Test Report 
Award Oxidation Catalvst Installation Contract 

15 
15 
16 
19 
21 

I Start Construction I 24 I 
Complete Tie In Outage 
Final Performance Test Report 

26 
28 

5.4.5 Project Milestones - SCR Option 

The total project duration, from a decision to proceed to the completion of the tie-in outage is 
34 months for the first unit. Space constraints would likely preclude the work on all four units 
from being completed at the same time. In addition, this type of work is normally conducted in 
accordance with other planned major maintenance events, so subsequent units would be expected 
to be completed in future years. 

Development of the schedule was based on the following milestones: 

52 



Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL-10495 

June 3,201 1 
Sergermz & L - U I l * ~ ' S  

Milestone 
Months After 

Decision To Proceed 

Decision to Proceed I 0 I 
Submit Air Permit Applications 3 
Permit Issuance 
Award Underground Survey Contract 

15 
15 

Award Above Ground Survey Contract 

Award Mechanical / Structural Installation Contract I 27 I 

15 

Award Electrical / I&C Installation Contract I 27 I 

Award SCR Svstem & Flow Modeline: Contract 16 
Award Ammonia System Contract 
Award Performance Testing Contract 
Award Substructure Installation Contract 
Start Construction 

5.4.6 Project Milestones - SCR & Combustor Upgrades Option 

17 
23 
24 
26 

The total project duration, from a decision to proceed to the completion of the tie-in outage is 
34months for the first unit. The schedule is effectively the same as the SCR schedule above, 
with the addition of the award of the combustor upgrade contract. 

Award Startup & Commissioning Contract 28 

Final Performance Test Report 

I Award Underground Survev Contract I 15 I 

34 

Milestone 
Months After 

Notice To Proceed 

I Award Mechanical / Structural Installation Contract I 27 

Decision to Proceed 
Submit Air Permit Applications 
Permit Issuance 
Award Combustor Redacement Contract 
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15 

Award Above Ground Survey Contract 
Award SCR System & Flow Modeling Contract 

15 
16 

Award Ammonia System Contract 
Award Performance Testing Contract 
Award Substructure Installation Contract 
Start Construction 

17 
23 
24 
26 
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Award Electrical / I&C Installation Contract 
Award Startup & Commissioning Contract 
Start Tie In Outage 

27 
28 
30 

I Comdete Tie In Outage I 32 I 
I Final Performance Test Report 34 

5.5 SUMMARY OF PHASE 2 EVALUATION EMISSIONS ASSESSMENT 

The NO, control technology assessment identified three options that are considered technically 
feasible and commercially available for control of NO, emissions from Units 1-4: (1) combustor 
upgrades, (2) SCR system, and (3) SCR system and combustor upgrades. An economic 
evaluation performed for each option indicates that, based on the use of actual annual emission 
rates and capacity factors, the average cost effectiveness ranges from approximately $22,104 per 
ton (combustor upgrades) and $74,369 per ton (SCR + combustor upgrades). 

The CO control technology assessment identified three options that are considered technically 
feasible and commercially available for control of CO emissions from Units 1-4: (1) combustor 
upgrades, (2) upgraded oxidation catalyst system, and (3) oxidation catalyst system and 
combustor upgrades. An economic evaluation performed for each option indicates that, based on 
the use of actual annual emission rates and capacity factors, the average cost effectiveness ranges 
from approximately $63,895 per ton (CO catalyst upgrades) to $464,694 per ton (CO catalyst + 
combustor upgrades). 

Summary Level project schedules for development, design, construction, and startup of the 
options were developed. The schedules suggest that permitting timelines (including uncertainty 
associated with greenhouse gas permitting requirements) and constructability issues that could 
preclude activities being completed on multiple units simultaneously, would in most 
circumstances prevent the work from being completed in accordance with the time frame 
established in Condition 38 of the Santan CEC. 
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6 CONCLUSION 

The “Phase 1” emissions assessment concluded that there is potential for CO and NO, emissions 
reductions from SGS Units 1-4. Therefore, emissions improvements for Units 1-4 were further 
evaluated in the “Phase 2” evaluation. Emissions improvements were not further evaluated for 
the other SGS emissions sources at this time based on the following: (1) Units 5-6 are currently 
operating at or below levels generally required for similar, recently permitted facilities, (2) 
cooling towers currently include mist eliminators designed to achieve 0.0005% drift, (3) diesel 
engine improvements are not practical due to limited annual operation, (4) a new dust collector 
has been installed on the abrasive blasting equipment, (5) the gasoline storage tank vapor losses 
are minimized due to proper tank design, fuel handling procedures, and limited annual gasoline 
throughput, and (6) the key elements of a comprehensive O&M program are utilized at SGS. 

The “Phase 2” NO, control technology assessment performed for Units 1-4 identified three 
control options that are considered technically feasible and commercially available: (1) 
combustor upgrades, (2) SCR system, and (3) SCR system and combustor upgrades. An 
economic evaluation performed for each option indicates that, based on the use of actual annual 
emission rates and capacity factors, the average cost effectiveness ranges from approximately 
$22,104 per ton (combustor upgrades) to $74,369 per ton (SCR + combustor upgrades). 

The “Phase 2” CO control technology assessment identified three options that are considered 
technically feasible and commercially available for control of CO emissions from Units 1-4: (1) 
combustor upgrades, (2) upgraded oxidation catalyst system, and (3) upgraded oxidation catalyst 
system and combustor upgrades. An economic evaluation performed for each option indicates 
that, based on the use of actual annual emission rates and capacity factors, the average cost 
effectiveness ranges from approximately $63,895 per ton (CO catalyst upgrades) to $464,694 per 
ton (CO catalyst + combustor upgrades). 

Based on review of recent NO, and CO control evaluations for other fossil fuel-fired electric 
generating units (EGU), the estimated NO, and CO control costs for SGS Units 1-4 can be 
considered cost prohibitive. 

Summary Level project schedules for development, design, construction, and startup of the 
options were developed. The schedules suggest that permitting timelines (including uncertainty 
associated with greenhouse gas permitting requirements) and constructability issues that could 
preclude activities being completed on multiple units simultaneously, would in most 
circumstances prevent the work from being completed in accordance with the time frame 
established in Condition 38 of the Santan CEC. 
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ACC Certificate of Environmental Compatibility Conditions (CEC) for Santan 
Expansion Project 
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Corporation Commission 
BEFORE THE ARIZONA POWER P & ~ F K E T E D  

AND TRANSMISSION LINE SITING COMM 

MAY 8 2 2001 

EIQGRETER RV KlzIizl 
In the matter of the Application of Salt 1 
River Project Agricultural Improvement and ) 
Power District in conformance with the ) 
requirements of Arizona Revised Statutes ) 
Sections 40-360-03 and 40-360.06, for a ) Case No. 105 
Certificate of Environmental Compatibility ) 
authorizing the Expansion of its Santan 1 Docket No. L-000006-00-0105 
Generating Station, located at the intersection ) 
of Warner Road and Val Vista Drive, ) 
in Gilbert, Arizona, by adding 825 megawatts ) 
of new capacity in the form of three combined ) 

Decision No. 6 ah I I 

cycle natural gas units, and associated ) 
intraplant transmission tines. 1 

CERTIFICATE OF ENVIRONMENTAL COMPATl8ILlTY 

Pursuant to notice given as provided by law, the Arizona Power Plant and 

rransmission Line Siting Committee (the "Committee") held public hearings at the 

lobson Ranch Inn, 1644 South Dobson Road, Mesa, Arizona, on September 14,2000, 

2nd various days following, in conformance with the requirements of Arizona Revised 

Statutes section 40-360 et seq., for the purpose of receiving evidence and deliberating 

In  the Application of Salt River Project Agricultural Improvement and Power District 

1'Applicanr) for a Certificate of Environmental Compatibility in the above-captioned 

:ase (the "Application"). 

The following members or designees of members of the Committee were presen. 
I 

'or the hearing on the Application: 

Paul A. Bullis Chairman, Designee for Arizona Attorney General Janet 
Napolitano 

Designee of Chairman of the Arizona Corporation 
Commission 

Steve Olea 

CERTIFICATE OF ENVIROSMENTAL cO%lP.4TlBILllT - 1 
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Richard Tobin 

Dennis Sundie 

Mark McWhirter 

George Campbell 

Jeff Mcguire 

A. Wayne Smith 

Sandie Smith 

Mike Whaien 

Designee for the Arizona Department of Environmental 
Quality 

Designee for the Director of the Department ofwater 
Resources 

Designee for the Director of the Energy Office of the Arizonz 
Department of Commerce , 

Appointed Member 

Appointed Member 

Appointed Member 

Appointed Member 

Appointed Member 

The Applicant was represented by Kenneth C. Sundlof, Jr., Jennings, Strouss & 

Saimon PLC. There were seventeen intervenors: Arizona Utilities Investor Association, 

by Ray Heyman; Arizona Corporation Commission Staff, by Janice Alward; Arizona 

Center for Law in the Public Interest, by Timothy Hogan, Mark Kwiat, Elisa Warner, 

David Lundgreen, Cathy LaTona, Sarretta Parrault , Mark Sequeira, Cathy Lopez, 

Michael Apergis, Marshal Green, Charlie Henson, Jennifer Duffany, Christopher 

Labban, Bruce Jones and Dale Borger. There were a number of limited appearances. 

The Arizona Corporation Commission has considered the grant by the Power 

Plant and Line Siting Committee of a Certificate of Environmental Compatibility to SRP 

and finds that the provisions of A.R.S. 540-360.06 have complied with, and, in addition, 

that documentary evidence was presented regarding the need for the Santan Expansic 

Project. Credible testimony was presented concerning the local generation deficiency 

Arizona and the need to locate additional generation within the East Valley in order to 

minimize transmission constraints and ensure reliability of the transmission grid. The 

evidence included a study that assessed the needs of the East Valley. The analysis 

CERTIFICATE OF ENVIRONMEKTAL COMPATIBlLITY - 2 
1 ? L r l  



I 

;-a 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 ‘3 

14 

15 

16 

17 

I8 

19 

20 

21 

22 

23 

24 

a 25 

intervenors, the comments made by persons making limited appearances and the 

comments of the public, and being advised of the legal requirements of Arizona Revised 

Statutes Sections 40-360 to 40-360.13, upon motion duly made and seconded, voted to 

grant Applicant the following Certificate of Environmental Compatibiiity (Case No. L- 

000008-00-01 05): 

Applicant and its assignees are granted a Certificate of Environmental 

Compatibility authorizing the construction of an 825 megawatt generating facility 

consisting of three combined cycle units with a total net output of 825 megawatts 

together with related infrastructure and appurtenances, in the Town of Gilbert, on 

Applicant’s existing Santan Generating Station site, and related switchyard and 

transmission connections, as more specifically described in the Application (collectively, 

the “Project“). Applicant is granted flexibility to construct the units in phases, with 

different steam turbine configurations, and with different transmission connection 

configurations, so long as the construction meets the general parameters set forth in the 

application. 
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This certificate is granted upon the following conditions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Applicant shall comply with all existing applicable air and water pollution 
control standards and regulations, and with all existing applicable 
ordinances, master plans and regulations of the State of Arizona, the 
Town of Gilbert, the County of Maricopa, the United States, and any other 
governmentat entities having jurisdiction. 

This authorization to construct the Project will expire five (5) years from 
the date the Certificate is approved by the Arizona Corporation 
Commission unless construction of the Project is completed to the point 
that the project is capable of operating at its rated capacity; provided, 
however, that Applicant shall have the right to apply to the Arizona 
Corporation Commission for an extension of this time limitation. 

Applicant's project has two (2) approved transmission lines emanating 
from its power plant" transmission switch yard and interconnecting with the 
existing transmission system. This plant interconnection must satisfy the 
single contingency criteria (N-1 ) without reliance on remedial action such 
as a generator unit tripping or load shedding. 

Applicant shall use reasonable efforts to remain a member of WSCC, or 
its successor, and shall file a copy of its WSCC Reliability Criteria 
Agreement or Reliability Management System (RMS) Generator 
Agreement with the Commission. 

Applicant shall use reasonable efforts to remain a member of the 
Southwest Reserve Sharing Group, or its successor. 

Applicant shall meet all applicable requirements for groundwater set forth 
in the Third Management Plan for the Phoenix Active Management Area. 

With respect to landscaping and screening measures, including the 
improvements listed in the IGA, Applicant agrees to develop and 
implement a public process consistent with the process chart (Exhibit 89) 
presented during the hearings, modifying the dates in the IGA with the 
Town of Gilbert, if necessary, to correspond with the schedule in Exhibit 
89. 

The new Community Working Group (CWG) will consist of 12 members, 
selected as follows: one member selected by the Town of Gilbert, four 
members selected by neighborhood homeowner associations, four 
representatives selected by intervenors, and three members selected by 
SRP (not part of the aforementioned groups) who were part of the origin2 
community working group. Applicant and landscaping consultants shall 
act as advisors to the CWG. CWG meetings shall be noticed to and be 

CERTIFICATE OF ENVlRONMEhTAL COMPATIBILITY - 4 
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open to the general public. The initial meeting shall take place on an 
evening or weekend in the Town of Gilbert. 

The objective of the CWG shall be to refine the landscaping and mitigation 
concept plans submitted during these hearings (Exhibit 88). The CWG sha 
work to achieve appropriate visual mitigation of plant facilities and to 
facilitate the design and installation of the concept plan components so as tc 
maximize the positive impact on the community and to increase, wherever 
possible, the values of the homes in the neighboring areas. The refinement 
of the mitigation plans shall be reasonably consistent with the planning 
criteria of the Town of Gilbert, the desires of neighboring homeowner 
associations, and the reasonable needs of Applicant. 

Applicant shall retain an independent facilitator, acceptable to the CWG, to 
conduct the CWG meetings. It shall be the role of the facilitator to assist in 
initial education and in conducting an orderly and productive process. The 
facilitator may, if necessary, employ dispute resolution mechanisms. 

The CWG shall also assist in establishing reasonable maintenancc 
schedules for landscaping of Applicant's plant site in public-view areas. 

Applicant will develop with the Town of Gilbert a continuous fund, to be 
administered by the Town of Gilbert, to provide for the construction and 
maintenance of off-site landscaping in the areas depicted in the off-site 
landscaping concepts as developed by the CWG in an amount sufficient to 
fund the concepts in Exhibit 88 or concepts developed by the CWG, 
whichever is greater. 

8. The visual mitigation efforts shall be in general compliance with the plans 
and concepts presented in these proceedings and constitute a commitment 
level by Applicant. Applicant will not reduce the overall level of mitigation as 
set forth in its Application and this proceeding, except as may be reasonably 
changed during the CWG process. The plans agreed to by the CWG shall 
be approved by the Town of Gilbert. 

9. Applicant shall, where reasonable to do so, plant on site trees by the fall of 
2001. Because planting of trees must await the improvement of Warner 
Road and the design and construction of berms, this condition will largely 
apply to trees on the East side of the site, and some of the trees on the 
North side. All landscaping will be installed prior to the installation of major 
plant equipment such as, but not limited to, exhaust stacks, combustion 
turbines, and heat recovery steam generators, except where delays are 
reasonably necessary to facilitate construction activities. 

10. Applicant shall operate the Project so that during normal operations the 
Project shall not exceed the most restrictive of applicable (i) HUD residentia 
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11. 

12. 

13. 

14. 

15. 

16. 

noise guidelines, (ii) EPA residential noise guidelines, or (iii) applicable City 
of Tempe standards. Additionally, construction and operation of the facilrty 
shall comply with OSHA worker safety noise standards. Applicant agrees 
that it will use its best efforts to avoid during nighttime hours construction 
activities that generate significant noise. Additionally, Applicant agrees to 
comply with the standards set forth in the Gilbert Construction Noise 
Ordinance, Ordinance No. 1245, during construction of the project. In no 
case shall the operational noise lever be more than 3 db above background 
noise as of the noise study prepared for this application. The Applicant shal 
also, to the extent reasonably practicabfe, refrain from venting between the 
hours of 1O:OO p.m. and 7:OO a.m. 

Applicant will work with the Gilbert Unified School District to assist it in 
converting as many as possible of its school bus fleet to green diesel or 
other alternative fuel, as may be feasible and determined by Gilbert Unified 
School District, and will contribute a minimum of $330,000 to this effort. 

Applicant shall actively work with all interested Valley cities, including at a 
minimum, Tempe, Mesa, Chandler, Queen Creek and Gilbert, to fund a 
Major Investment Study through the Regional Public Transit Authority to 
develop concepts and plans for commuter rail systems to serve the growing 
population of the East Valley. Applicant will contribute a maximum .of 
$400,000 to this effort. 

Within six months of approval of this Order by the Arizona Corporation 
Commission, Applicant shall either relocate the gas metering facilities to the 
interior of the plant site or construct a solid wall between the gas metering 
facilities at the plant site and Warner Road. The wall shall be of such 
strength and size as to deflect vehicular traffic (including a fully loaded 
concrete truck) that may veer from Warner Road to the gas-metering site. 

Applicant will use only SRP surface water, CAP water or effluent water for 
cooling and power plant purposes. The water use for the plant will be 
consistent with the water plan submitted in this proceeding and acceptable 
to the Department of Water Resources. Applicant will work with the Town o 
Gilbert to attempt to use available effluent water, where reasonably feasible 

Applicant agrees to comply with all applicable federal, state and local 
regulations relative to storage and transportation of chemicals used at the 
plant. 

Applicant agrees to maintain on file with the Town of Gilbert safety and 
emergency plans relative to emergency conditions that may arise at the 
plant site. On at least an annual basis Applicant shall review and update, if 
necessary, the emergency plans. Copies of these plans will be made 
available to the public and on Applicant's web site. Additionally Applicant 

4 3 c ; / I  CERTIFICATE OF ENV~RONME~AL COMPATIBILlTf - 6 
nmr:-:..- ur. 



2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

0 13 
13 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

17. 

18. 

19. 

20. 

21 .- 

22. 

23. 

will cooperate with the Town of Gilbert to develop an emergency notification 
plan and to provide information to community residents relative to potential 
emergency situations arising from the plant or related facilities. Applicant 
agrees to work with the Gilbert police and fire departments to jointly develop 
on site and off-site evacuation plans, as may be reasonably appropriate. 
This cooperative work and plan shall be completed prior to operation of the 
plant expansion. 

In obtaining air offsets required by EPA and Marimpa County, Applicant will 
use its best efforts to obtain these offsets as close as practicable to the plan! 
site. 

In order to reduce the possibility of generation shortages and the attendant 
price volatility that California is now experiencing, SRP will operate the 
facilities consistent with its obligation to serve its retail load and to maintain a 
reliable transmission system within Arizona. 

Beginning upon operation of the new units, Applicant will establish a citizens’ 
committee, elected by the CWG, to monitor air and noise compliance and 
water quality reporting. Applicant will establish on-site air and noise 
monitoring faci!ities to facilitate the process. Additionally Applicant shall 
work with Maricopa County and the Arizona Department of Environmental 
Quality to.enhance monitoring in the vicinity of the plant site in a manner 
acceptable to Maricopa County and the Arizona Department of 
Environmental Quality. Results of air monitoring will be made reasonably 
available to the public and to the citizens’ committee. Applicant shall provide 
on and off-site noise monitoring services (at least on a quarterly basis), 
testing those locations suggested by the citizens’ committee. The off-site air 
monitoring plan shall be funded by the Applicant and be implemented before 
operation of the plant expansion. 

Applicant will explore, and deploy where reasonably practicable, the use of 
avaitable technologies to reduce the size of the steam plumes from the unit 
cooling towers. This will be a continuing obligations throughout the life of the 
plant. 

SRP will, where practicable, work with El Paso Natural Gas Company to use 
the railroad easements for the installation of the new El Paso gas line. 

Other than the SantadRS 18 lines currently under construction, Applicant 
shall not construct additional Extra High Voltage transmission lines (1 15kV 
and above) into or out of the Sanbn site, including the substation on the site 

Applicant will replace all Town of Gilbert existing street sweepers with 
certified PM10 efficient equipment. A PMIO efficient street sweeper is a 
street sweeper that has been certified by the South Coast Air Quality 
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Management District (California) to comply with the District's performance 
standards under its Rule 1186 (which is the standard referenced by the 
Maricopa Association of Governments). 

Applicant shall work in a cooperative effort with the Office of Environmental 
Health of the Arizona Department of Health Services to enhance its 
environmental efforts. 

Applicant shall operate, improve and maintain the plant consistent. with 
applicable environmental regulations and requirements of the Environments 
Protection Agency, the Arizona Department of Environmental Quality, 
Maricopa County and the Town of Gilbert. 

Applicant shall actively work in good faith with Maricopa County in its efforts 
to establish appropriate standards relative to the use of distillate fuels in 
Valley generating facilities. 

- Applicant shall install continuous emission monitoring equipment on the new 
units and will make available on its website emissions data from both the 
existing and new units according to €PA standards. Applicant shall provide 
information to the public on its website in order to assist the public in 
interpreting the data, and provide viable information in a reasonable time 
frame. . 

> 

Applicant will comply with the provisions of the Intergovernmental 
Agreement dated April 25, 2000 between Applicant and the Town of Gilbert, 
as modified pursuant to this Certificate. 

During the proceeding neighbors to the plant site raise significant concer 
about the impact of the plant expansion on residential property values. 1 
performing each of the conditions in this order Applicant, in conjunctio 
where applicable, with the Town of Gilbert and the plant site neighbors, shi 
consider and attempt to maximize the positive effect of its activities on th 
values of the homes in the surrounding neighborhoods. 

Applicant shall construct the auxiliary boiler stack at such height as may be 
determined by air modeling requirements. Applicant shall situate the 
auxiliary boiler stack so that it is not visible from off the plant site. 

Applicant will construct the heat recovery steam generators (=HRSG") 
approximately 15 feet below grade and will construct the HRSGs so that th 
overall height of the HRSG module from the natural grade is no more than 
80 feet. 

Applicant will complete the installation of the dry low NOX burners on the 
existing units prior to the construction of the new units. 
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33. Applicant shall not transfer this Certificate to any other entity for a period of 
20 years from the date of approval by the Corporation Commission, other 
than as part of a financing transaction where operational responsibilities will 
remain with Applicant, and where Applicant will continue to operate the plar 
in accordance with this Certificate. 

34. Applicant shall post on its website, when its air quality permit application is 
submitted to the Maricopa County Environmental Services Department. 
Also, Applicant shall post on its website any official notice that may be 
required to be posted in newspapers for its air quality permit application. 

GRANTED this &?ay of February, 2001 

ARiZONA POWER PLANT AND TRANSMISSION 
LINE StTING COMMllTEE 

by Paul A. Bullis 
Its Chairman 

CERl'IFICAl€ OF ENVlRONMEhT.41 COMPATIBILITY - 9 
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BEFORE THE ARIZONA CORPORATION COiMiMISSION 

WILLIAM A. MUNDELL 

JIM IRVIN 

MARC SPITZER 

Chairman 

Commissioner 

Commissioner 

THE MATTER OF THE APPLICATION OF 1 
SALT RIVER PROJECT, OR THEIR ASSIGNEE(S), ) 
IY CONFOffiVANCE WITH THE REQUIREMENTS ) 
THE ARIZONA REVISED STATUTES 40-360.03 ) 
AND 40-360.06 FOR A CERTIFICATE OF 1 
ENVIRONMENTAL CO MPATI B I LITY ) 
AUTHORIZING THE CONSTRUCTION OF 1 
NATRUAL GAS-FIRED, COMBINED CYCLE 1 
GENERPITING FACILITIES AND ASSOCIATED ) 
PJTRAPLANT TRANSMISSION LINES, 1 
SWITCHYARD IN GILBERT, ARIZONA, LOCATED) 
NEAR AND WEST OF THE INTERSECTION OF ) 
VAL VISTA AND WARNER ROAD ) 

Case No. 105 

Docket No. L-00000B-00-0 105 

Decision No. 6.3d /i 

The Arizona Corporation Commission (Commission) has conducted its review, as prescribed. ( 

by A.R.S. 5 40-360.07. Pursuant to A.R.S. 40.360.07(B), the Commission, in compliance with 

A.R.S. !j 40-360.06, and in balancing the broad public interest, the need for an adequate, economical 

and reliable supply of electric power with the desire to minimize the effect thereof on the 

environment and ecology of this state; 

* The Commission finds and concludes that the Certificate of Environmental Compatibility 

should be granted upon the additional and modified conditions stated herein. 

35. 

36. 

37. 

The Santan Expansion Project shall be required to meet the Lowest 
Achievable Emission Rate (LAER) for Carbon Monoxide (CO), Nitrogen 
Oxides (NO,), Volatile Organic Carbons (VOCs), and Particulate Matter less 
than ten micron in aerodynamic diameter (PM,,). The Santan Expansion 
Project shall be required to submit an air quality permit application 
requesting this LAER to the Maricopa County Environmental Services 
Department. 

Due to the plant's location in a non-attainment area, the Applicant shall not 
use diesel fuel in the operation of any combustion turbine or heat recovery 
steam generator located at  the plant. 

In obtaining emissions reductions related to Carbon Monoxide (CO) 
emissions, Applicant shall where technologically feasible obtain those 
emission reductions onsite to the Santan Expansion Project. 
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38. Beginning upon commercial operation of the new units, Applicant shall 
conduct a review of the S a m  Generating facility operations and equipment 
every five years and shall, within 120 days of completing such review, file 
with the Cornmission and all parties in this docket, a report listing all 
improvements which would reduce plant emissions and the costs associated 
with each potential improvement. Commission Staff shall review the report 
and issue its findiqs on the report. which will include an economic 
feasibifity study, to the Commission within 60 days of receipt. Applicant 
shail instal1 said improvements within 24 months of fiIing the review with the 
Commission, absent m order from the Commission directing otherwise. 

39. Applicant shall provide $20,000 to the Pipeline Safety Revolving Fund on an 
annual basis, thus improving the overall safety of pipelines throughout the 
State of Arizona. 

40. Where feasible, Applicant shall strive to incorporate local and in-state 
contractors in the construction of the three new generation units for the 
expansion projects. 

Applicant shaH construct a 10 foot high block wall surrounding the perimeter 
of the Santan plant, and appropriateiy landscape the area consistent with the 
surrounding neighborhood, unless otherwise agreed to by the Salt River 
Project and the Citizens Workins Group. 

41. 

APPROVED AS A.MENDED BY ORDER OF THE ARIZONA CORPOR4TION 
COMMISSIOR 

I I 

/ w m  Chairman C:4+J&. ommissioner J Commissioner 

IN WITYESS WHEREOF, I, Brian C. McNeil. 
Executive Secretary of the Arizona Corporation 
Commission, set my hand and cause the ficial seal 
of the Commission to be affixed this 1 Rf day of 

/ 

i 

Dissent : 



Salt River Project 
Santan Generating Station 
Suntan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL-10495 

Sargern & LundyLLc 

Attachment 2 

RACT/BACT/LAER Clearinghouse (RBLC) Database Summary - NOx, CO, 
VOC Emissions (CT/HRSG) 









Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL-10495 

Senrgern & LundyLLc 

Attachment 3 

RACT/BACT/LAER Clearinghouse (RBLC) Summary - PM Emissions (Cooling 
Tower) 
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Salt River Project 
Santan Generating Station 

Project No. 12046-018 
Report No. SL-10495 

Santan Emissions Assessment Report 
Sar-gem & LundyLLF 

Attachment 4 

NOx Control Cost Summaries ( Units 1-4) 



Cost Evaluation 
NOx Control 

Repod No. SL-10495 

4.0 SCR+Camlma20rUplpsdes 

23.8 

35.7 

35.7 

$4,987200 

S12.403,OW 

17.39Q.200 

Psgslofl4 Sam 6 Lundy. LLC 



Cost Evaluation 
NOx Contml 

RepMt No. SL-10495 

--No=- 

$111,218 

$147,301 

Annual Caplul 
Remvcry Cost 

(WW) 

S55I.400 

$1,37l,WO 

$1,922,400 

$133,897 

$177.621 

PageZofl4 ssrgent (L Lumly. LLC 



Cost Evaluation 
SI-DLNI +-NOx 

Report No. SL-10495 

SRP - s.ntan ccneratlag Station 
Unirr S1-W - NOJCO Control Costs 
Combnutor U p p d e  Worksheet 

CT Heat Input (mmBhlmr) 
Approximate M W  output 
Baseline NOS Emhslan Rate (lb/mmBtll) 
Post DLN1+ N O r  Emitdon Rate 

Baseline CO EoJlrion Rate (lb/mmBtn) 
Post DLNl+ CO Embslon Rate 

Capacity Factor nMd for Cost Emmates (*A) 

./. NOS Red~etioa W/ DLNl+ 

Ye CO R e d ~ t i o n  Wl DLN1+ 

hr. .... ..i 

1.7 

800.0 
90.0 
0.076 
0.030 
60% 
0.027 
0.024 

12.8% 
taov. 

. . . .  . . . .  . . , .  

'APITAL COSTS PI 
Direct CapH.1 C a b  

NOx Conhvl Equipment S2,500,00( 
s2,500,00( Toto1 Purrhared Equipment Cost (PEC) 

Direct In~taIIatlon Cosb 

lnstallahon + Major lnspechon Labor .. ~ s1,553,00( 
s4,053,w( TOM DirCer Capiial Cosb (Do 

Indirect CaplW costs 
lnsp%tion Materials 
Conhvls EngineerkgDesigo 
Training 

s57.m 
$31.00( 
s11,m 

Field Services 14.00( 
S103,00( TolJ In&& Capital CoSrr (IC) 

Contlageoq 

T d  Capkid Investmetti (TCO 
Capital Recovery Factor= i(l+ ip / ( I  + i)" - I 
Anon.uzed Capital Costs 
(Caplw Refovcr Factor I TOM Capital Investment) 

$831,20( 

s4,WJM 
0.1106 

S551,4M 

IPERATMG COSTS 
Operating & M~II~CIIIUW Costa 

VarIabk O&M C w b  
Ammonia Injection Rate ( Ibh)  
Catalyst Volume (A3) 

Catalyst Replacement Cost 
Spent Catalyst Handling Cost 
Auxiliary Power Cost 

Ammonia Reagent cost 

$17, 1 

.. , . . . .  I. , .  
I . .  . . .  ... 

. . . . . . . . .  . . . . . . .  . . . . .  ,.,. . , .. 
. . . .  - .  . . .  

Based on budgemy estimate obtained tbm GE far DLN I+  combustor 

Based on SRP DLN I Installation Costs (adjwted to 2010 dollars) 
Sum of pmhasd equipment cmts and installation cmts 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Based on SRP DLN I Installation Costs (adjusted to 2010 dollars) 
Basedon SRP DLNl InstallationCosts(Bdjustedto201Odollars) 
Based on SRP DLNl Installation Casts (adjusted to 2010 dollars) 

DL of duen and indimt cwttal costa 

sum of dmct capital costs, indrrect capml costs. and conhngmcy 

LO life of equipnmt (years) 

p m  marginal rate of remm on private investment 

R u b  

IO Baed on reduced power output at full load (hsted to the lei? la hu), and SSOiMWh 

I 
To& Voriable OdiMCo~t 617, 

Indirect operatlug c a t  
Properly Taxes so ume no additional indirect apcrating c& 
Insuraoce sc 
Administration sc 

Toto1 Indimt Operaring Cost $0 

Tow Annual Operating C a t  S17.000 

'OTAL ANNUAL COST 
AanulliEal Caplw Cost $551, 4wl 

Page 3 of14 Sargent 8 Lundy, LLC 



Cost Evaluation 
SZ-DLNI+ 

Report No. SL-10495 

SRP - s.ntm Genenting statio. 

Combostor U p g d e  WorwKa 
Udb S l s l  - NOJCO Cwh-d C a b  

-- 5 * 

CT Heat Input (mmBtrJbr) 
Approximate M W  o.fpuf 
Bueline NOS Embrioa Rate @lmmBtm) 
Pod DLN1+ N O r  Embliw Rate 
V. NOS Redaction wl DLNI+ 
Basehe CO Embaon Rate (WmmBta) 
Pod DLWl+ CO Emisdaa Rate 

Capacity F d o r  o d  for Cod  estimate^ (%) 
V. CO R e d d 0  W l  DLNl+ 

800.0 
90.0 
0.076 
0.030 
60% 
0.027 
0.024 
10.0% 
12.4Y. 

I 
APITAL COSTS IS1 Basb I 

Direct CapM Corb 
NOx Control Equipment s2,500,000 

$2,500,000 
Based on budgemy esnmate obtamed from GE for DLNI+ combustor 

Total Purrhosed Equipment Cost (PEC) 

Direct last.llatioo C a b  

Installation + Major Inspection Labor 
T d  Direct CapW Cosb (DCJ 

$1,553,000 
s4,053,000 

Bared on SRP DLNl Installation Costs (adjusted to 2010 dollan) 
Sum of purchased equipment costs and mJtallation costs 

Indirect CapiW costs 
Inspection Materials 
Conmls Engineering/Design 
Training 

Bared on SRP DLNl btallation Casu (adjusted to 2010 dollars) 
Bared on SRP DLNl installation Costs (adjusted to 2010 dollan) 
BdonSRPDLNl btaLlationCusta(a~ustedtoZ0lOdollsrs) 

Field Sewices Bared on SRP DLNl fnstallatioo Costs (adjusted to 2010 dollars) 
T d  Indirect CapW Cosb (Io $103, 

Contingency $83,2001 

Total Capital Investment (TCO 
Capital Recovery Factor = i(l+ ip / (1 + i)n- I 
Anaalllzod CaplW Cosb 
(Capital h o v e r  Factor I TOW Capital Iovcrtment) 

$4,9872 

*L ofdnect and indirect capltal Msts 

sum of Lmt capital costs, m&rect capital costs, and COnMgcncy 

26 hfe of equpment (years) 

$ 5 5 1 , ~  pretax marg i~I  rate ofreturn on private investment 

PERATLWG COSTS Bnb 

Operating & MahItenMce Costs 
Variable O&M Cats  

Ammolua hJectl00 Rate (Iwhr) 0 ’  
Catalyst Volume (Ki) 0 
Ammorua Reagent Cost so 
Catalyst Replacement Cos1 YA 

Spent Catalyst Handlmg Cost JA 

Auxiliary Power Cost $16,000 00 Based on reduced power outplt at full laad (listed to the le& UI kw), and SSO/MWh 

I 
Total Variable O&MCosr $16, 

Fired O&M Costs 
Additional Operators per shift 

operating Labor 
SupervisoryLabor 
Mainleuance Materials 

I 
Assume no addmonal fixed O&M costs 

lndireet Operating cost 
Properly Taxes 
Insurance 

TOW h o d  Operating Cast $ 1 6 . 4  

 AM^ Operating Cost S16, 
TOW Annnal Cost $567, 

Page 4 of14 Sargent 8 Lundy, LLC 



SRP-S.stnnCnenti.lSWion 
Units S1-54 - NOJCO Control C&s 
Combustor U p p d e  Wsrlukct~ . . . . . .  . _  

CT Heat lnpnt (mmBttlRr) 
Approximate M W  nntpnt 
Bassline Nor Elah.Ion Rate (lb/mmBtn) 
Port DLNl+ NOx Emission Rate 

Baseline CO Emiulon Rate (lb/mmBtu) 
Port DLN1+ CO Emission Rate 
Ye CO Reductinn w/ DLNl+ 
Capacity Factor o w l  for Cort E.tinata (%) 

Y. NOx R e d ~ ~ t i o ~  W/ DLNl+ 

Cost Evaluation 
S3_DLNl+ 

Report No. SL-10495 

m$%i- wkxq 

90.0 1 
800.0 

0.076 
0.030 
av. 
0.027 
0.024 
1O.OY. 
1S.OY. 

I 

Direct C a ~ l w  Costs I 
I Bub 4PrrAL COSTS PI 

NOx Control Equipment S 2 5 0 0 . ~  
$2,500,000 

Based on budgetary cstimte obtained hno GE fa DLNI+ combustor 

Total Purchmed Equipment Cart (PEC) 

Direct Instdhtian Costa I 
Installation + Major Inspection Labor $1,553,000 
TonJ Direct ChpiiaI CosrS (DC) 54,053,000 SumofpurchaJedcquipmratcmuandinstallationcosts 

Baed on SRP DLNI Installstion Costs (adjusted to 2010 dollan) 

Indirect Capital Costs 
Inspection Materials 
Controls EngineRinglDesign 
Training 

$57, 
$31. 
$11, 

Based on SRP DLNl lostallation Cmls (adjusted to 2010 d o h )  
Basedon SRP DLNl InstallationCosts(adjustcdto2010dollan) 
Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 

Field Services Basedon SRPDLNI InstsllstianCas~(adjuStedto201Odol~) 

T d  lndirra Capital Costs (lC) 5103. 

Contingency 

Total Capital Inveshnent (TCr) 
Capital Recovery Factor= i(l+ i r / ( l  + i)" - I 
Anenallzed Caplw Cosb 
(Capital Reeover Faetor I Total Capital Investment) 

$831.2 

sum of dmt capital cosls, mduect capllal ugm, and conhngenq 

M hfc ofeqrupmcnt (years) 

Ye pretax margmal rate of return on pnvate investment $551.4 

PERATMG COSTS Bxb 

Operating (I MaintwMce CoaS 
Variable OdrM Costa 

Annnoma Injection Rate (Ibh) 0 NA 
Catalyst Volume (A3) 0 NA 
Annnoma Reagent Cost $C NA 
Catalyst Replacement Cost NA 
Spent Catalyst Handlmg Cost NA 
Auxlllary Power Cost $20,000 Based on reduced power output at hll load (listed to the left in kw), and S S O M W h  

Total Variable O&MCost $20.000 

FLred O&M Costa 
Additional Opemlors per shift 

Operating Labor 
Supervisory Labor 
Maintenance Materials 
Maintenance Labor 

Toto1 Fued O&M Cost $ 

Indirect Operating Cost 
Roperty Taxes 
Insurance 

OTAL ANNUAL COST 
A M U ~ U ~ ~  Capital Cost 
Annnal Operating Cost 

Total Annual C a t  

Page 5 of14 Sargent 8 Lundy, LLC 



SRP - Santan Gcllentiag st.kta 
Upfb S1-W - NOJCO Comtrol Costs 
Cwbnstor Upgr8de Wort-- 

Cost Evaluation 
!M-DLNl+ 

Report NO. SL-10495 

. . , Basebe NOS Emission Rate (lb/mmBtn) 
'Ped DLNl+ NOS Emhsbn Rate 

Y. Nor Reduction wl DLNl+ 
Baseline CO Emhion Rate (lb/mmBtu) 
Post DLN1+ CO Emlulon Rate 
Y. CO Reduetion w/ DL" 
Capacity Factor used for Cod Eathates (K) 

0.076 
0.030 
60% 

0.024 
10.0% 
16.5% 

0.027 

I Buh WITAL COSTS IS1 
Direct Cavital C a b  I 

B a d  on budgetary estimate obtained from GE for DLNI+ cmnbustor NOx Contml Equipment s 2 m , w o  
Total Purchased Equipment Cost (PEC) S2,SW.OM) 

I ~ i r e c t  Inatanation costs 

Installation + Major Inspection Labor 
TOM Direct C4pirm Cosfs (DC) 

s1,553.000 
s4,053pOo 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollan) 
Sum of purchased equipment cost8 and installation costs 

Indirect C l p M  costs 
Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 

Conmk Engineering/oesign $31,000 Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Training $11,OOo Based on SRP DLNl lnstallationCosts (adjustedto 2OlOdolLUs) 
Field Services M.000 Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 

lospection Materials $57.000 

T& Indirecl Cqp*J Cosh (IC) Sl03,ooo 

Contingency S831.200 imt and indirect capital costs. 

To& Capi&llnvestnunt (TCO 
Capital Recovery Factor = i( I+ ip I (1 + i)" - I 
Aapu.uud Capital C a t s  
(Capital Reeover Factor x Total Capital Investment) 

0.1106 

$551, 

sum of &nct capml c o w  md&mct capital costs, and conbngency 

!O IlfC of equtpncnt @cars) 

)/e pretax marpal  rate of return on pnvate investment 

I 
PERATMG COSTS I Bub 

Operating & Maintenance Costa 
Variable W M  Cwts 

Ammonia lojection Rate (It&) 
Catalyst Volume (tu) 
Ammonia Reagent cost 
catalyst Replacement cost 
Spent Catalyst Handling Cost 
Auxiliary Power Cost 

$22, 4 VA 
IV 6 w d  on reduced power outpul at full lmd (hsted to the left m kw), and S5OIMWh 

I 
Toto/ Voriable O&MCost 622, 

FLred W M  Costs 
Additional Operators per shiA Assume no additional tixed O&M Casu d 
operating Labor 
Supervisory Labor 
Maintenance Materials 

Indirect Operating cost 
Properly Taxes 
Insurance :1 ume no additional icdirect operating coJu 

Admuustratlon $0 ' . 
Tow1 Indirect Operahng Cost K 

Total Annoai Operating Cmt $22," 

DTAL ANNUAL COST 
Annn.uud C a w  Cost $551. 4aol 
Annllal Operating c a t  $22, 

Total Annual C a t  $573, 

Page 6 of14 Sargent B Lundy. LLC 
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Report No. SL-10495 Cost Evaluation 
SI-SCR 

..IPuT 
CT Hal Iapul (mmBluRr) 800.0 
Amroiimale M W  aut~u l  90.0 ._ 
Baseline NOx Emission Rate (lb/mmBtu) 
Post SCR NOx Emissirno Rate (lWmmBtu) 
% Reduction w/ SCR 
Stack Flue Gas Flow Rate (adm) 
Capcity Factor uaed for Cost Eltimatea ("A) 

0.076 
0.008 
90?4 

489,060 .. . 
12.8% ' ' ' ' 

.., . 
. .  

APITAL COSTS 6 1  B u b  

Direct Capital Costs 
Based on SRP (APS) aunLey sstunafe ofS9.081,I50, which mcludes catalyst placed in middle 
evap ~ ~ 0 0 1 1 ,  ratsed ptpmg, lubes, drums, stack by 30 ft NOx Control Equipment 

Instrumentahon $0 Included m NOx c o m l  equipment ccai 
Sales Taxes $0, Included m NOx control equipment cost 

$9,081,000 

Freight $4 Included in NOx control equpmem cost 
Total Purchnred Equpmeni Cost $9,081,000 

Direct Installation Costs I 

Indirect Capitd Costs 
Engtneenng 
Construcnon and Field Expenses 
Contractor Fees 
start-up 

Included m NOx control dtrect lnstallahon cosu 

Included in NOx control &rect installahon cmts 
Included m NOx control &red mnstallahon cmu 
Included inNOx control dmct mstaUahon cmts 

Contingeaey 6 ofduect and lndyect captal costs 

sum of Lrect capital costs, mdIrect captal cmu, and contmgency 

life ofeqwpnmt (years) 

Based on maximum heat m p l s  NOx m a l  rate (Iblhr), 5 ppm "3 shp, and NOIN02 ratio 
Ammonla I n j e ~ t l ~ n  Rate (Iwhr) 

Catalyst Volume (A3) 
Ammonla Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Haodllng Cost 

Auxlllary P O W R  Cost 

Based on ammonia mjectioa tale ammoma reagent cat of S45Wton 
Based on catalyst cat of S7wO/m3 and 5 year catalyst life 
Based on the catalyst life and a d y s t  handlmg cost of S5OOlm3 
Based on the pressure drop across the SCR ( I ~ ~ t e d  to the left m m w c ), 80 kWImch auuhary 
pawer reqmnmenf and S S O M W h  

Total Varuble O W  Cost $&4,000 

Fixed O&M Costs 

Additional operators per shift 

operating Labor 
Supenismy Labor 

0.501 Assumed 0.5 additional Oprrator per shift needed for the oxidation catalyst system 

$147.0001 $22,000 
Based on additional operators per shift, S33.50hwr (salary + benefits), 3 shiMday. 
ofoperating labor. OAQPS Section I, CbapIer2, page 2-31. 

Annual Maintenance Cost $186,000( DfTCI. OAQPS Section 4.2, Chapter 2. page 245. 
Totol Fired O&M Cost $355,000~ 

Indirect 0pOnting Cost 
Property Taxes 
Insurance 

of TCI. OAQPS Seclion I ,  Chapter 2, page 2-34. 
ofTCI. OAQPS Seetion I ,  Chapter 2, page 2-34. 

I 
$124.ooE 
S124,ooE 

Administration S248,OOC - . of TCI. OAQPS Section I ,  Chapter 2, page 2-34. 
Total Indireci Operating Cost $496,000 

Total Annual Operating Cost s935,ooo 

OTAL ANNUAL COST 
Annu.lhed Capitd cost Sl57l,000 I 
Annual Operating Cost s935,oool 

TOW Annual Cost szto6,oool 

Page 7 of14 Sargent & Lundy, LLC 



Cost Evaluation 
S2-SCR 

Report No. SL-10495 

SRP - S . a h  Generating Station 
Unit s3 - NOr Control Costs 
SCR Worksheel 

CT A u t  Input (mmBtuhr) 
Aoorolhaate MW oul~ut  .. 
B e b e  Nor Emiuion Rate (WmmBtu) 
Post SCR NOr E r n b r i  Rate (Ib/aunBtn) 

Stack Flue Cu Flow Rate (acfm) 
Capacity Factor used for Cost Eatinntea ( X )  

Ye Redufwo~ WI SCR 

..PUT 
800.0 
90.0 
0.086 
0.009 
90% 

489.060 
12.4Ye 

. .  .. . . .  

QPITAL COSTS PI Bash 

Direct Capital Costa 
Based on SRP (APS) turnkey estimate of  59,08I,I50, which includes catalyst placed in middle 
map section, raised pipmg, t u k ,  drwns, stack by 30 ft NOx Control Equipmeat 

Instrumentation $0 lncluded in NOx conml equipment cost 
Sales Taxes $0 Included in NOx contml equipment cosf 
Freight $0. Included in NOx contml equipment cost 

$9,081,000 

Total Purchased Equipment Cost $9,081,000 

Direct Installation Costs 
. .. .. . . - <  

. I .  ! . - ,  
. . . . . . . . ... . . . . . , , . , , 

. . . . .  -' .: , j . .  .: I 
Installation $1555,000 

Sl0,336,DOO 
Based on SRP mst estimate. includes engheeringldcsign and installauon 
Sum ofpurchased q i p m m t  costa and installation cosu TMaI Direci Cepiial Cos& (DC) 

Indired Capital Costa 
Included in NOx contml mrect lnstahh011 costa 
Included 10. NOx comml Lreet mstlllahon costs 
lncluded mNOx contml Lrect mPtallahon costs 
Included in NOx control dmct maallahon costs 

E n m = w  
ConSmrChon and Field Expcoses 
Contractor Fees 
star-up 

Contingency 6 ofduect and indirect cap~tal costs 

sum ofdirect capital costs mdd~rect capital costs, and connngency 

L" M e  of  eqlupent (years) 

Based on mmmm heat mplt, NOx removal rate (Mu), 5 ppm "3 dip, and NOIN02 ran0 
Ammoma Injection Rate (Iwhr) 

Catalyst Volume (tu) 
Ammonia Rengent Cost 
Catalyst Replacemeot Cost 
Spent Catalyst Handling Cost 

1,560 
$10,000 $ 

$4,000 $ 
$62,000 

18,810 Calculared based on thc exhaust gas flow rate and the space velocity llsted to the left ( Ihr )  
450 "Based 011 ammollla mjecuoo rate 8mmoma reagent cost ofS450hon 

500 Based 011 the catalyst life and a catalyst handllng cost of SSW/m3 
Based on the ~ S J W  &011 BC- the SCR (Isred to the left m ID w c ). 80 kW/mch auxihary 

5.0 Based on catalyst cost ofS7WOim3 and 5 year catalyst life I 
Auuliary Power Cost s9,ooc 

Toial Vorioble O&M Cost $85,000 

Fixed W M  Costa 

Additional Operators per shift Assumed 0.5 additional operator per shitl needed for the oxidation catalyst system. 

$147.000 d on addmoaal operam per shill, $33 Sohour (salary +benefits), 3 shrffrdday operatlog 
Supervisory Labor $22,000 15' of  operatmg labor OAQPS Sechon I,  CaapCer 2, page 2-31 
Annual Marntenaoce Cost $186,000 1.5' ofTCl OAQPSSecnon42.Chapt~2,page2-45 

Total Fued O&M Cost $355,000 

Indired Opcnting Cost 
Property Taxes S124,Mx) 1' ofTC1 OAQPS Secnon 1, Chapter 2, page 2-34 
Iosurance lo/. ofTCl OAQPS Secnon 1, Chapter 2, page 2-34 

Adrmtustmtloo 2% of TCI OAQPS Secuon I ,  Chapter 2, page 2-34 
$124.000 
$248.000 

Total Indirect Operding Cost $496,000 

Total Annual Operating Cost $934000 

OTAL ANNUAL COST 
Annualized Capital Cost S1,371,000 
Annual operating cost 59340001 

Total Annual Cost $2,307,000[ 
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SRP - S a n h  Generating Station 
Unit S3 - NOr Control Costs 
SCR Worksheel 

Tord Fued O M  Cmf $355,000 

Indimt Operating cost 
Ropmy Taxes 6124,000 
Insurance $124,000 
Admilustranon $248,000 

Toral Indirecr Oprahng Cosr S496.000 

T0t.l Annual Operating Cost s940,oOo 

Cost Evaluation 
S3-SCR 

l%ofTCl OAQPS Sechon I,Chapter2,page2-34 
Illo of TCI OAQPS Sschon I ,  Chapier 2, page 2-34 
2% oCTCI OAQPS Sechon 1, Chap= 2, page 2-34 

Report No. SL-10495 

. .  .. . 
, .  . .  

B a d h e  NOr E m i s s i  Rate (Ib/mmBtu) 
Post SCR NOS Emission Rate (IWmmBtu) 

Stack Flue CM Flow Rate (icfm) 
Capacity Factor used for Cost Estimates (Ye) 

% Reduetion W/ SCR 

0.094 

E 1; . .  
489,060 
15.0% ._ : 

APITAL COSTS IS1 BHh 

Direct Capital Costs 
Basedon SRP (AF'S) turnley esiimaie ofS9,081,ISO, which includes catalyst placed inmiddle 
map &ion, raised piping, atas, drums, stack by 30 b NOx Control Equipment 

lnsmrmentation $C lncluded in NOx control equipment cost 
Sales Taxes 6C Included in NOx control quipmmt cost 

$9.081.000 

Installahon $1255.000 
S10334000 

Based on SRP cost eshmafc, mcludes engmeerin@'dcslgn and Installahon 
Sum ofpllrcimed equipment costs and imtallation cosis Total Direct C-I Costs (DC) 

Indirect Capital Costs 
Engineering 
Conseuction and Field Expenses 
Contractor Fees 
Start-Un 

Included in NOx control &xci Installahon costs 
lncluded m NOx cantrol & E t  mstaUahon casta 

Included in NOx control &mi msiallahon costs 
Included m NOx control &net Installahon costs 

Performance Testing Included in NOx conbol &rei msiallahon costs 
Total Indireci Capital Cos& (IC) S 

Contingency 6 ofdvect and m d m t  capital costs 

sum of&mt  capital costs, mLmt capital costs, and conhngency 

Ln ?fquipment (years) 

Based on m ~ ~ l r n u m  heat mpui, NOx removal rate (It&), 5 ppm "3 shp, and NOINOZ ratlo 
0.50 lined to the IcR Ammonia Injecuoo Rate (I&) 

Catalyst Volume (tu) 
Ammonia Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Handling Cost 

1.560 18,810 C a l c v l a t c d b a v d o n t h e e ~ ~ g a s f l ~ r a t e a n d ~ s ~ ~ ~ ~ l ~ ~ ~ h s t e d t o t h e l e R ( l / h r )  
450 Based on ammoma mjechon rate a-ma reagent cmt ofS45Wton 

500 Based on the catalyst life and a catalyst handhug cost of S5ooim3 
Based on the o m y ~ e  drm ~cmss the SCR (hsied to the IeR m m w c ). 80 LWimch auxihary 

$13,000 $ 

$4,000 $ 
S62.000 5.0 Based on catalyst cost ofS7WO/m3 and 5 year catalyst life I 

Auxliiaiy Power Cost $10,000 2 power rqmremmi, and SSO/MWh. 
Tofal Yoruble O&MCost 989,000 

Fixed OdrM costs 

Additional Operators per shift Assumed 0 5 & t m d  cperator per shiR n& for &e oxidahon catalyst system 

'OTAL ANNUAL COST 
Annualized Capital Cost Sl371,oOo I 
Annual Open&gCort s94o,oOo1 

TOW AMUd Cost sz311,oOo( 
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Cost Evaluation 
SII-SCR 

SRP - S8t1t.a Generating Statinn 
Unit S4 - NOS Control Costs 

ReporI No. SL-10495 

.. . CT Heat Input (mmBtuRr) 
Aunroximate MW onbut 90.0 .. 
Brwliac NOI Emission Rate (Ib/mmBto) 
Post SCR NOS Eml.sioa Rate (IWmmBIu) 

Stack Flue Gas Flow Rate (scfm) 
Cnpadty Factor used for Cost Estimntea (%) 

9" Red~etlon W/ SCR 

I 
~ ~~~ ~ 

APITAL COSTS IS1 Bub 

Direct Cnnital Costs I 

NOx Control Equipment 
Insmentation 
Sales Taxes 

Bared on SRP (APS) hlmLty &mate of 19,081,150, which mcludes catalyst placed ID mddle 
cvap stcuon, msed pipmg, tubes, dnrms, stack by 30 PL 
Included in NOx control quipmeat wst 
Included 1n NOx control quipmeat wst 

Freight sol Included tn NOx control qutpmmt cost 

Total Purchosed Equipment Cost $9,081,000 

Direct 1ost.U.tion costs 
. .  . .  I -  ~ .. . . .. . . _.. . . . .. . . . . . . . . .. I 

Installation Si.255,OOO 
SIOJ36,,000 

Based on SRP cost esumte, includcs mgmemng/dcsign and lnstsllahon 
Sum of purchased equipmeat costs and iastallauoa costs Total Direct Crrpiurr Costs (DC) 

Indirect Cnpitd Cos& 
Engineering 
Construction and Field Expenses 
Contractor Fees 
start-up 

Included in NOx control direct installation m u  
Included in NOx control direct installation costs 
Included in NOx control direct instlUatim costs 
Included in NOx control direct installation costs 

Perfommce Testing Included in NOx control direct installation costs 

T a l  Idn?ct  Capital Costs (IC) 

Contingeucy 

sum of direct capital costs, mdmn capital costs, and cmungmcy 
L" ' * >f equipmot (years) 

Operating & Maintenance Cosb 
Variable O&M Cosb 

Ammonia Injection Rate (Ibhr) 

Catalyst Volume (ft3) 
Ammonia Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Handling Cost 

Based 011 maxrmtrm heat mput, NOx m v a l  rate (I&), 5 ppm "3 shp, and NOM02 raha 

1,560 
$ll,OOO $ 450 B a s e d o a ~ ~ a m ~ e c h o n r a t c a ~ ~ a r c a g e n t c o s i o f S 4 5 0 / t o n  
$62,000 
$4,000 S 500 Bared on the catalyst life and a catalyst handhng cost of SSOoIm3 

18,810 Calculated b a d  on the exhaust gas flow rate and the space veloclly listed to the left (Ihr) 

5.0 Based m catalyst cost ofS7WO/m3 and 5 year catalyst hfe 

Based on the pressm d q  ac~w the SCR (listed to thc left m in w.c.), 80 kWIinch auxiliary 
power requirement, and SSOIMWh.  Auxiliary Power Cost 

Total Variable O M  Cost S89,Mm 

Fued O&M Costs 

Additional Operators per shift 

operating Labor 
Supervisory Labor 

Assumed 0.5 additional operator per shift needed for the oxidadon catalyst systcm 

$147,000 d an addmonal operaton per sLuA, $33 5Ohour (salary +benefits), 3 sInfts/day 
15% of operatmg labor OAQPS Secuoa I, Chapter 2, page 2-3 I 

Annual Mamtenance Cost $l86,M)o[ 1.5% ofTCl OAQPS Sectian4.2, Chapter 2, page 2-45 
Totol Fixed O&MCost $355,000 

Indirect operating Cost 
property Taxes I' . ofTCI OAQPS S a l o n  I ,  Chapter 2, page 2-34 
Insurance $124,OOO 1% of TCI OAQPS Secnon I, Chapter 2, page 2-34 
Adnhsmon 2% of TCI OAQPS Section I ,  Chapter 2, page 2-34 

$124,000 

$248,000 
Total Indirect Operaling Cost $496.000 

TOW Annual Operating Cost s940,OOO 

OTAL ANNUAL COST 
Annualhcd Cnpit81 Cost S1371,OOO I 
Annual Opera- Cost s94o,OOO1 

TOW Annual Cost S23ll,OOOl 
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Cost Evaluation 
S l S C R  wDLNl+ 

SRP - S a t a n  Gcamting Sbtbn 
Unit SI - NOS Control Costa 
SCR Workahnt 

Report No. SL-10495 

CT H a t  Input (merBtllRr) 
ApproriaUte Mw output 
B w h e  Nor E m h  Rate (lb/mmEXu) 0.030 I 
P d  SCR NOS Elahrbn Rate (lb/mmBtn) 

Shck Flue G.r Fbw Rate (acfm) 
C~poeity Factor osed for CPst Eslimata ('A) 

0.008 
Ye Reduction w/ SCR 75% ji . I. r . . .  . . . . . . .  . . . .  . . . . . . . . .  . . . . . .  . . . . . . .  

APITAL COSTS IS1 Buh 
D W  c8pibl Costs 

Based on SRP (APS) hlmLey estimate of S9,081,ISO, which includes catalyst placed in middle 
evap seetion, raised piping, m k ,  dnrms, stack by 30 R NOx Control Quipment 

Instrumentation $a Included in NOx control equipment cost 
Sales Taxes $a Included in NOx control equipment cost 
Freight sa. Included in NOx cooml equipment cost 

$9,081 ,000 

Total Purchased Equipment Cost $9.08 1,000 

Direct lnstauatioa cear 
. . . . . .  . . . . . . . .  I .  . . . . .  . . . . .  ..__ . 

. . . . . . .  . _ ,  5 1 . .  
B. ,;., i.. -: , . ~ ' ~  - . . . .  . I 

Installahon $1,255,000 
S10336,OOO 

Based on SRP cost esamate, mcludes eugmm@'desiga and mstallahon 
Sum of purchased eqwpment costs and mllauon costs TorcllDbcct C@al Costs (DC) 

Indirect CapiW Costs 
Engineering 
Consauction and Field Expenses 
Contractor Fees 
start-up 

Included in NOx control direct installation costs 
Included in NOx cmtrol direct installation costs 

Included in NOx con!ml direct installation costs 
Included in NOx control direct installation costs 

Performance Tesmg $0 Included in NOx control dtrecl mstallaaon mts 
Total Idrec l  Capital Costs (Io so 

Contingency $2,067,000 20% ofduect and lndvect cap~tal costs 

sum of direct capital costs, mdtrect cap~tal mu, and conongeucy 

feqwpment (Yem) 

Total Capital Investment (TCI) 
Capital Raovey Factor = i ( I+  

Annu&ed CaplW Cwta 
(Capital Recover Factor I TOW Capital Investment) SlJ71,OOO Y.13% pmaxmar~alrateofretummpnvatelavestmeat 

( I  + I ) ~ -  I 

PERATING COSTS Bnis 

Operating & Mhtenance Costa 
Variable O&M Costs 

Based on maximum heat mpt, NOx removal rate (Iwhr), S ppm "3 slip, and NONO2 ratio 
Ammoola Injmhm Rate (Ibh) 17 0 50 listed to the left 

Catalyst Volume (ft3) 
Ammonia Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Handling Cost 

18.8 IO Calculated b a d  011 the exhaust gas flow rate and the s p c e  velocity hted to the left ( I h )  

$ 450 Based on ammonia mjecnon rate ammoma reagent cost of S45Olton 

500 Based on the catalyst hfe and B catalyst bmdhng cmt ofSS001m3 
$62,000 5.0 Based on catalpt cost ofS7000hn3 and 5 year catalyst life 

Baed on the p m w  dmp amw the SCR (luted to tk le& m m w c ), 80 LWIinch avxrhary 
C 

Auullary Power Cost $9,000. 
Total Vanable O&M Cost $79,000 

Additional Operators per shift 

operating Labor 
Supervisory Labor 

0.501 Assumed O S  additional oprraurrper shi& needed for the oxidation catalyst system. 

don addmml operams per shift 133 S O h m  (salazy + benefits). 3 sluftS/day $"'*A $22, 15% ofopetatmg labor OAQPS %chon I, Chapter 2, page 2-31 
Annual Ma~ntenance Cost $186,000 1.5% ofTC1 OAQPSSecum42,Chaptcr2,psge245 
Total F a d  O&MCast $355,000 

hdimt OPCNW COrt 
Ropnry Taxes 
Insurance 1% ofTCl OAQPS Secaon 1, Chapter 2, page 2-34 
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SRP - S M ~ M  Generating Station 
Unit S2 - NOr Control Cwts 
SCR Worlrsheet 

C T  Heat Input (mmBtu/hr) 
Approrimate MW output I 
Baseline NOr Emkrhm Rate (1B/mmBtu) 
Post SCR NOS EmLuioa Rate (lb/mmBhl) 
K Reduetion w/ SCR 
Stack Flue Gas Flow Rate (aclm) 
Cnpacity Factor used for Cost Estlmtea (%) 

Cost Evaluation 
S2-SCR wDLNl+ 

Report No. SL-10495 

0.034 

. . .  . .  . -.. , .  . . .  
. . . .  12.4% . . . . .  . ,. 

. . .  , . -. , . . I  I . . . . . . .  . . a  
, ;. . . . . . . . . .  . . . . . . . . . .  . . . . . . . .  . * .  . . . . . . .  . . . . . .  

APITAL COSTS IS1 Buk 
Direct Capital Costs 

Based on SRP (AF'S) turnkey estimate ofS9,081,150, which includes catalyst placed m middle 
NOx Control Equipment evap wction, r a i d  piping, hlbq drums, stack by 30 it 
Ins m e n t a  ti on Included in NOx control equipment cost 

Sales Taxes I( Included in NOx control equipment cost 

$9,081,000 
$( 

Freight Included in NOx control equipment cost 
Total Purchased Equipmenf Cosf $9.08 1,000 

Direct Iustabtion Costs . < .  

: , ' .  I . . . . . . . .  ... , . .I . . . . .  . . . . .  
Installahon $1255.000 

S10,336,000 
Based m SRP cost estunale, mcludes engmeennglkign and lastallanon 
Sum ofpurchssed equipment casts and installahon costs Total D imt  CapM Costs @C) 

Indirect Capital Costs 
Engineeriog 
Construction and Field Expenses 
Contractor Fees 
sm-UD 

hcluded in NOx control Lrect lasrallahon casts 
Included In NOx control Lrect mstallahon casts 
Included in NOx control Lrect mstallahon costs 
Included tn NOx control &red mmlallahm casts 

Performance Testing $0 Included in NOx control Lrect lasrallahon costs 

Teal Indiner Cqital Costs (IC) so 

Contingency $2,067,0001 4 ofdirect and iadinet capital costs. 

sum of hrect capltal casu, mLmt capltal costs, and conhngenc) 

2 )fequpment (years) 

Total Capital Investment (TCI) 
Capital Recovery Factor = i( l+ I)"/ (1 + I ) ~ -  I 
Annualized Capital Costs 
(Cnpital Recover Factor I TOW Capital Investment) 

Bared on m m u m  heat mpul, NOx removal rate (I@), 5 ppn "3 shp, and NONO2 ratio 
Ammonia Injechon Rate (Ib/hr) 

Catalyst Volume (tu) 
Ammonia Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Handling Cost 

1,560 18,810 C a l c u l a t e d b a r e d o n t h e e x h a u s t g ~ ~ ~ w r a t e ~ ~ ~ ~ p ~ ~ ~ l ~ ~ ~ l ~ s t e d t o t h e l e R ( 1 ~ ~ )  
$4,000 $ 450 Bared on ammonia mjection rate ammonia reagent cost of S450Itoo 

$4,OOO $ 500 Based on the catalyn hfe and a catalyst handbug cost ofSJWhn3 
5.0 Bared on catalyst cost of S7OoOhn3 and 5 year catalyst life 

Bared on the vressure dmo across the SCR flirted to the lefl III in w E ). 80 kWitnch auuharv 
I $62,000 

Auxiliary Power Cost $9,00C power reqlurement, and S50/Mwb 
Total Variable O&M Cost $79,000 

I Fired O&M costs 

Additional Operators per shift 0.50 

operating Labor 
Supervisory Labor 

A s u d  0.5 additional operator per shiR needed for the oxidation catalyst system. 

d on additional operators per shift 133.5Ohau (salary +benefits), 3 shiRs/&y 
ofoperating labor. OAQPS Senion I, Chapter2, page 2-31. 

Aanual Maintenance cost $186,OOO[ 1.54 ofTCI. OAQPS Section 4.2, Chapler2. page 245. 
Totd Fired O&M Cost $355,000 

Indirect Openling Cost 
Roperty Taxes 
Insurance 

la ofTCl OAQPS Section 1, Chapter 2, p a p  2-34 
1% ofTC1 OAQPS Sectton I, Chapvr 2, page 2-34 I $124.000 

$124,000 
Adnurustrahon $248,000 2% of TCI OAQPS Sectlon I ,  Chapter 2, page 2-34 

ToIPI Indwecf Operatmng Cost $496,000 

TOW Annual Operating Cost S930,OOO 

OTAL ANNUAL COST 
Annualized Capital Cost S1,371,000 I 

Page 12 of14 Sargent 8 Lundy, LLC 



Cost Evaluation Report No. SL-10495 
S3-SCR wDLNl+ 

Baseline NOS Emirsioo Rate (WmmBtu) 0.038 
Post SCR NOS Emicriou Rate ( l b / d t n )  0.009 
% Rcductio~ W/ SCR 75% 
Stack Flue Gas Flow Rate (aefm) 489,060 
Capacity Factor wed for Cost Estimata (Ye) 15.0% 

I 

Direct CapiW Costs I 
APlTAL COSTS IS1 BMk I 

NOx Control Equipment 
I n s m e n t a t i o n  
Sales Taxes 

Based on SRP ( A P S )  turnkey estimate ofS9,081,150, which includes catalyst placed in middle 
map section, raised piping, N b ,  dmm, smk by 10 R 
Included in NOx control equipment cost 
Included in NOx coatrol equipment cost 

$9,081 ,0001 
$( 
$( 

Freight sc. Included in NOx control equipment cost 
Totol Purchased Equipment Cost $9,081,0001 

Direct Instailation Costs 
. .  . . . . _  ... . . .. - .: : .  . I " ' 

... . , . ,. . .  . .. . .  . 
Installation $l255,000~ Based on SRP cost estimate, includes enginecringidesign and installation 

Sum of purchased q u i p m  costs and installation cmts Total D imr  Capital Cats (DC) S10,336,000 

Indirect Capital Costs 
Engket ing  
Conshuctioo and Field Expcoses 
Cootraftor Fees 
start-up 

Included in NOx control drect lnstallahon costs 
Included m NOx control Lrect lostallanon msts 
Included inNOx control drect mstallahon costs 
Included in NOx control drect Installahon costs 

$ 
5 $1 
I( 

Performance Testing Included in NOx eonml direct installation costs 

Tal I d m c t  C q h l  Cats (IC) s 

Contingency o f d m t  and mdmct captal cons 

sum ofdrect capital costs, indirect captal cmts, and conhngenc) C hfe ofequpment (years) 

Total CapM Investment (TCI) 
Capital Recovery Factor = I( I+ I)' / (1 + I)' - 1 
Annualized CapiW Costs 
(Capital Recover Factor I TOW Capital Investment) S1,371,000 9.13% pretmmar~nalrateofrehuu onpnvatemnvestment 

PERATING COSTS B..b 

Opcrrthg & Malntenauce Costs 
Variable O&M Costs 

Based on -mum heat m p q  NOx removal rate (Ibihr), 5 ppm "3 shp, and NONO2 ratio 
ht ILWl ia  hJeChon (rwhr) 19 0.50 listed to the IeR 

Catalyst Volume (83) 
Ammonia Reagent Cost 
Catalyst Replacement Cost 
Spent Catalyst Handling Cost 

18.8 IO Calculated based on the exhavst gas flow rate and the space velaclty listed to the left ( I h )  
0 450 Based on ammollla m@~oo rate ammonia reagent cost of S45Wton 

SO@ Based on the catalyst life and a catalyst handkg cost ofUW/ml 
5.0 Based on catalyst cost ofS70WIm3 and 5 year catalyst life 

Based on the p ~ ~ s s u r e  drop acmss the SCR (luted to the left 10 in w c ), 80 kWlmch auuhary 
Auuliary Power Cost $10,0oc 

Total Vorwble OdrMCosr $82,000 

Fixed O&M Costs 

Additional Operators per shift 
0.501 

- power q u i m e n t ,  and $50/MWh. 

Assumed 0.5 additional operator per shift needed for the oxidation catalyst system. 

Opaating Labor 
Slllmvisav Labor 

d on add1how.l operators per shlc 531 5Olhour (salary +benefits), 1 shtts/day 'g:!l 15?&"ofoperahng labor OAQPS Secuoa I, Chapter 2, page 2-11 
k u a l  M&enanc~ Cost $186.000 l.S%.ofTCI. OAQPS Sectuin42,Chapter2,pe245 

Totol Fixed 0.534 Cost $355,000 

Indirect operating Cost 
RopRty Taxes I!. ofTCl OAQPS Sect1011 I ,  Chapter 2, page 2-34 
InSunlncE $124,000 154 ofTCl OAQPS %chon 1, Chapter 2, page 2-34 
Admms!rahon $248,000 2% of'TC1 OAQPS W o n  I ,  Chapter 2, page 2-34 

$124,000 

Total Indirect Operaring Cost $496,000 

Total Annual Operaling Cost $933,000 

OTAL ANNUAL COST 
Annualized CaoiW Cost $1371.000 I . .  
Annual Operating Cost s933,000l 

Total Annual Cost $2,304,000[ 
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Cost Evaluation 
U-SCR wDLNl+ 

SRP - S ~ t a n  Generating Statinn 
Ulit  S4 - NOr Coatrnl Costa 

C T  Heat Input (mmBtu/br) 
Approximate MW output 90.0 
Baseline NOr Emission Rate (Ib/mmBtu) 
Post SCR NO1 Emhsiou Rate (IWmmBtu) 
% Redoftion w/ SCR 
Stack Flue Gas Flnw Rate (acfm) 
Capacity Fnctnr used for Cost Estimate (Ye) 

0.029 

75% 
489,060 

APITAL COSTS 
Direct Capital Coats 

NOx Control Equipment 
Insmentation 
Sales Taxes 
Freight 1( 

Total Purchased Equipment Cost $9,081,00( 

D i d  IUS~.U.UOU C O ~ S  

Installation 11255,00( 
TmaIDireci Cqkld Cos& (DC) SlOJ36,W 

Indirecl Capital Coats 
Engkering 1( 
Construction and Field Expenscs $( 
Conh.actor Fees E( 
start-up 1( 
Performance Testing S( 

Total I n d i e  Cqpiurl Cosis (IC) SI 

continpncy 12,067,00( 

Tohl Capital InveshwM (TCI) 

Annualized Capital Costs 
(Capital Recover Factor I Total Capital JnveaWnt) 

Capital Recovny Factor = i( l+ I)' I ( I  + i)" - 1 0.1106 

$1,371,00( 

lPERATING COSTS 
Operating & Maiatemnce Costs 

Variable O&M Coats 

Ammonia Injection Rate (IW) 

Catalyst Volume (rU) 
Ammonia Reagent Cost 
Catalyst Replacemnt Cost 
Spent Catalyst Handling Cost 

Report No. SL-10495 

Brrlr 

Based on SRP ( A P S )  nunkey esnmate of S9,081,150. which mcludes catalyst placed IU addle  
evap section, rased piping, ~ b e s ,  dnnns, stack by 30 A. 
Included tn NOx control equipment cost 
Inclu&d in NOx control equipment cost 

lncluded m NOx coneol equipment cost 

, . , . . . , . ... . . .. 
B-' .: . :'. ' 

Based on SRP cosi p~umate, mcludes mg~nmg/design and lnnallaum 
S m  ofpurrbed  equipment cats and installahon cats 

lncluded in NOx contml direct installation ca ts  
Included inNOx control direct i1~taUati00 costs 
lncluded in NOx conic01 direct installation cat8 
Included in NOx control dim1 instsllatim cmta 
Included in NOx control direct installation costs 

of direct and indirect capital costs 

sum of dzrecI capital cost?,, mLrect capital cmts, and conhngency . 2" ,,re of equipment (years) 

9.13% pretax margmal rate of refurn on pnvate mvcsrment 

Rash 

Based on maximum heat mpt, NOx muoval rate (I&), 5 ppm NH3 slip, and NO/NO2 nho 
0 50 listed to the lefl 

18,810 Calculated based on the exhaust gas flow rate and the sgace velocity bled to the left ( l h )  

i 

1 

450 Based on ammonia mjmon rate amm~llla reagent c a t  of S45Wton 

5CO Based on the catalyn hfe and a catalyst handllng cost of S500/m3 
BaKd on the presure d r q  across the SCR (luted to the left m m w c ), 80 kW/mch awuhary 

5.0 Based on catalyst cost of S7000/m3 and 5 year catalyst life 

Auxiliary Power Cost s12,ooc. - power requirement, and S50IMWl 
Tofal Varwble O&M Cosf $83,00Ol 

I Fixed O&M Costs 

Additional Operators per shift 

Operating Labor 
Surmvisorv Labor 

Assumed 0 5 addmmal operator per shift needed for the ox~dahon catalyst system 

d on addIUOnal operam pcr shift $33 5Ohour (salary + benefits), 3 shfts/day 
15% of o p t m g  labor OAQPS Sshon I ,  Chapter 2, page 2-3 I ~. 

Anoual Miuntenance Cost 1 I86,000 1.5% of TCI OAQPS Sechon 4 2, Chapter 2, p g e  2-45 
Toial Fued ObM Cost $355,000 

Indirect Operating Cost 
Ropeny Taxes I' - of TCI OAQPS Section 1, Chapter 2, page 2-34 
Insurance 1124.000 1% of TCI 0AQP.S S s t m  I ,  CbapIer 2, page 2-34 
Adrmtuswtlon 2%6 ofTCl OAQPS W o n  I, chapter 2. page 2-34 

$124,000 

1248,000 
Totrrl Indwecf 0perairn.g Cost 1496,000 

'OTAL ANNUAL COST 
Annn.lizcd Canital Coat S1.371.000 I . ,  
Ananal Operating Cost s934,OOol 

Total Annual Cost srsas,OOol 

Page 14 of14 Sargent B Lundy, LLC 



Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report No. SL-10495 

Attachment 5 

NOx Control Cost Sensitivities Versus Capacity Factors ( Units 1-4) 
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Salt River Project 
Santan Generating Station 
Santan Emissions Assessment Report 

Project No. 12046-018 
Report NO. SL-10495 

Attachment 6 

CO Control Cost Summaries (Units 1-4) 



Cost Evaluation 
CO Control 

Repad No. SL-10485 

AENalEmksioas ContmlEffici- W o a  
I b l d t U  

(aanuplavg) (todym) (“4 (wyear) 

0.027 11.9 

0.024 10.7 10% I .2 

0.013 5.9 50% 5.9 

0.013 5.9 50% 5.9 

Cam01 Tshmlogy I I -  

Emissions 
Actlul E m i o n s  Conhol Effict~lcncy Re&chm 

(-94 (-4 (WYar) 

10 4 

9 3  IO?? 1 0  

5 2  50% 5 2  

5 2  50% 5 2  

$1,945,800 $ZlS,WO 
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Cost Evaluation 
CO Control 

Report No. SL-10495 

DLNl Combuaas 

P a g e Z O f l O  Sargent a Lundy, LLC 



Cost Evaluation 
SI-DLNl +-CO 

Report No. SL-10495 

SRP - s.atu GCnmthg Stauon 
U o h  S1-W - NOJCO Control Casta 
Combustor Upgr~de W o l l u M ,  , 

CT Heat hpnt  (mmetanr) 
ApprodoUte MW outpot 
Baseline NOx Emhsion Rate (lb/mmBtn) 
Post DLNl+ Nor  Emtuion Rate 
9; NOr Ilsdvcks W/ DLNl+ 
Bucliac CO En~&&n Rate (lblmmBtu) 
Pod DLNl+ CO Emlsrioa Rate 
Y. CO Fleda~tion w/ DLNl+ 
Capacity Factor uacd for Cmt Estlmata (YO) 

800.0 
90.0 
0.076 
0.030 
60% 
0.027 
0.024 
10.0% 
11.6% 

4PITAL COSTS IS1 Bnb 

Direct Capltal Cmta 
NOx Control Equipment S2Joo.OOO 

$2,500,000 
B d  on budgetary estimate obtained ham GE for DLNI+ combustor 

Total Purchased Equipment Cost (PEC) 

Direct lastallatlon Costa 

lnslnllation + Major Inspection Labor 
TOM Direct C4piurl CosrS (DC) 

$1,553,0001 
54,053, 

Bawd on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Sum ofpmhaxd equipment costs and installation cnsts 

Indirect C1pIW costs 
Inspection Materials 
Controls EnginesringDesigu 
Training 

$57, 
$31, 
$11. 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollan) 
Bawd on SRP DLN I Installation Costs (adjusted to 2010 dollars) 
Bawd on SRP DLNl Installation Costs (adjusted to 2010 dollars) 

Field Services Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
TotpI Idrect Ccrpiull Cosb (IC) $103, 

contingetlq 

Tourl Capital Investwutu (TCO 
Capital Recovery Factor= i(l+ ip / ( I  + i)- - I 
Annualized Capital Costs 
(Capital Recover Factor x Total Capital Iovntmeot) 

irect and i n d i m  capital costs. s8312wI 
SS51.4 

sum of Qmt capital casts m Q m t  capltal casts, and conhngency 

!O bfe ofequlpInmt (years) 

% pretax margmal rate ofreturn on pnvate investment 
I 

PERATING COSTS Bash 

Operating dr Maintenance COm 
Variable O&M Costs 

Ammonia hlJeCtlOn Rate (Ibh) NA 
Catalyst Volume (A3) N A  1 VA .I. 

A m m m  Reagent Cost 
Catalyst Replacemmt Cost 
Spent Catalyst Handlmg Cos1 
Auxdtmy Power Cost $15, N Based on reduced power output at full lcad (hsted to the left in kw), and S50iMWh 

Total Variable O&MCost S15,GQC 

Fired O&M Costa 
Additional Operators per shift 

operating Labor 
supervisory Labor 
Maintenancz- Materials 
Maintenance Labor 

Tord Fired O&M Cost 4 
Indirect Operatlng Cost 

hperty Taxes 
Insurance s $4 ume no additional indirect oprratiog cos& 

A h s h a h o n  sd f .  

To&I Indirect @xratmg Cosf $ 

Total A o n d  Operating Cod 
I 

DTAL ANNUAL COST 
AnnulIl7.d capital cost 5551, *ool 
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Cost Evaluation 
S2-DLNl+ 

Report No. SL-10495 

SRP- *tall ccDen~sta&wl 

Cwhatur  upgrade wollukct 
U- S1-W - NOJCO C d d  Catr 

1 .  - , -3 CT Heat Input (mmBhVltr) ' 'Approximite M W  olltput 

Baaelhe NOx Emissbn Rate (IblmmBtn) 
Post DLNl+ NO1 E m i $ i w  Rate 
% NOX R e d l ~ t i ~ ~  wl DLNl+ 
Basehe CO EmMoo Rate (Ib/mmBtn) 
Post DLNl+ CO Emission Rate 
X CO Redoctiom wl DLNI+ 
Cipacity Factor wed for Cost E.timites (%) 

INPUT - 
800.0 
90.0 
OM16 
0.030 
60% 
0.027 
0.024 
10.0% 
12.4% 

. 
VITAL COSTS IS1 Bub I 

Dbect Catbital Cosb 
NOx Control Equipment P,500~000 

S2,500,wO 
B d  on budgetsly estimate obtained from GE for DLNI+ combustor 

To& Purchased Equipmenl Cos1 (PEC) 

I Direct Instdhtion Cosb 

Installation + Major Inspection Labor 
Tow h t  CkpM Cash (OC) 

s1,553.woI 
$4,053, 

Based on SRP DLNl Installation Costa (adjusted to 2010 dollars) 
Sum of purchased equipment costs and installation costs 

Indirect cap lw C a b  
Inspection Materials 
Conmls EngineeringlDesign 
Training 

$51, 
$31, 
$11. 

Based on SRP DLNl lnstallation Cwts (adjusted to 2010 dollars) 
Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Based on SRP DLNl Installauon Costs (adjusted to 2010 dollars) 

Field Senices B d  on SRP DLNl lnstallation Costs (adjusted to 2010 dollars) 
TorrJIrulircd Capital Cash (IC) $103, 

Contingency 

To& Capital Inwstnvnf (TCO 
Capital Recovery Factor = i( 1 + iy / ( I  + i)" - I 
Annn.llzed Capital Costs 
(CipiW Recover Factor I TOW Capital Investment) 

S831,2 

$4,9872 

uect and mduect capltal costs 

sum of &red capital costs. m&& cnptal cosfs, and contingency 

0.1106 !O life of eqlupment (years) 

% pretax manpal  rate of re- on pnvate invesbneut 
$551, 3 

PERATING COSTS Bash 

Operating & Maintenance Cosb 
Variable O&M Cosb 

Ammoma Injabon Rate (Ibhr) NA 
Catalyst Volume (R3) NA 
Ammoola Reagent Cost SO NA 
catalyst Replacement cost NA 
Spent Catalyst Handlmg Cost VA 
Auxlllary Power Cost $16,000 

Told Vanable O&.UCost S16,WX 

ed on reduced power output at full Id (listed to the lefl u1 kw), and SSOiMWb 

Fixed O&M Cosb 
Additional Operatom per shiR 

Operating Labor 
supervisory Labor 

kss- w additional Bxed 0 & M  cwts 4 
Maintenance Matenals $0 
MamtenanceLabor so 

Total F w d  O&M Cos1 SO 

Indirect Openting cost 
Properly Taxes 
Insmce 
Adrmnistratlon so 

Told Indirecf Operafang Cos1 so 

TOW Annual Operating Cost $16,000 

DTAL ANNUAL COST 
AOO0dh.d ClDkd C a t  $551.4 ool 

opennag c a t  $16, 
Total Aonoal C a t  s567, 

Page 4 of1 0 Sargent 8 Lundy, LLC 



Cost Evaluation 
S3_DLNI+ 

Report No. SL-10495 

SRP - .%&an Gcllerathg statba 

c a m b . r t o r u ~ w o r k s ~  
Units S1-W - NOJCO Control Cats  

CT Heat lnpot (mmBtumr) 

Post DLNl+ NO1 Emission Rate 

Buclhe CO Emiadon Rate (lb/mmBtu) 
Post DLM+ CO Emhsion Rate 
Y. CO Redaction w/ DLN1+ 
Capacity Factor n e r  Cost Estimates (%) 

Ye NO1 Redoftion W/ DLNl+ 

0.076 
0.030 
60% 
0.027 
0.024 
10.0% 
15.0% 

I 
APITAL COSTS IS1 Bub 

Direct Capital Costs I 
NOx &ntrol Equipment S 2 , s O o , ~  

$2.500,000 
Based on budgetary estimate obtained fmm GE fa DLN I+ combustor 

Total Purched Equipment Cost (PEC) 

Installation + Major Inspection Labor 
TOM D i m  C4pacll Cwh (DC) 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Sum of pmhascd equipment costs and inrtallation costs SAm, 

Indirect Capital Costs 
Inspeclion Materials 
Controls Engineering/Desigo 
Training 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Based on SRP DLNl Iastallation Costs (adjusted to 2010 dollars) 

Field Services Based 011 SRP DLNl Installation Costs (adjusted to 2010 dollars) 
TOM Irulina C4pacll Cosb (IC) $103, 

Contingency i m t  and indirect capital CON. 

T d  Capid Investment (TCI) 
Capital Recovery Factor = i( I+  ip / ( I  + i)" - I 
A M O . U ~ ~ ~  Capital Costs 
(Caplw Recover Factor I TOM Capital Investment) 

sum of direct capital casts indirect capital costs, and contingency 

!O life of equipment (years) 

% pretax margml rate of return on pnvate investment 

IPERATMG COSTS Bub 

Operating & Mnintenmce Costa 
V h M e  O&M Costs 

Ammorua Injectton Rate (Ibh) 0 NA 
Catalyst Volume (tu) 0 NA 

Catalyst Replacement Cost YA 
Spent Catalyst Handlmg Cost UA 

Ammaua Reagent cost SC NA 

Auxdtary Power Cost $20,000 mi on reduced power output at full load (hsted to the left in kw), and S S O I M W h  

Total V m b l e  O&MCost $20,000 

Fhed O&M Costs 
Additional Operators per shift . : - As~ume no additional fixed OBM costs d 
OpRating Labor 
supervisory Labor SO 
Maintenance Materials SC 
Maintenance Labor SO 

Tatol Fired O&M Cost $0 

Indirect operating cost 
Properly Taxes s ume no additional indirect opersting Msts 

Insurance 

'OTAL ANNUAL COST 
Annnltiud Capital Cost $551, 4ool 
 AM^ Operating Cost 

Tobl ADnnal Cost 

Page 5 of10 Sargent & Lundy, LLC 



SRP - kt80 CCaera.6 Station 
Unita S l s l  - NO,K!O Coatrol Cats  

B&be  NO1 Embrio; Rate (lb/mmBtu) 
Port DLNl+ NOr Emhrion Rate 
*A NOS Redoctiocl wl DLN1+ 
Basebe CO Emkrion Rate (lb/mmBtu) 
Post DLN1+ CO Emission h t e  
% CO Red~~Sinn wl DLNl+ 
Cap.clty Factnr lued for Cort Estimates (%) 

Cost Evaluation 
SQDLNI + 

-..?UT - 
800.0 
90.0 
0.076 
0.030 
60% 
0.027 
0.024 
10.0% 
16.5% 

Report No. SL-10495 

'APITAL COSTS IS1 BUh 
Direct Capital Cosb 

NOx Control Equipment S2J00,OOO 
$2,500.000 

Bared on bvdgetary esumate o b m e d  horn GE for DLNl+ combuJtor 

Total Purchased Equipment Cost (PEC) 

I Direct ImtaUation Costs 

Installation + Major Inspection Labor 
Torcrl D i m t  Cclpapl Cosa @C) 

$1.553.000 
S4.053,OOO 

Based on SRP DLNl Installation Costs (adjusted to 2010 dollars) 
Sum ofpurehssed equipment casu and installation cwtp 

Indirect capital costs 
Inspection Materials 
Controls EnginemingiDesign 
Training 

Bared on SRP DLNl lnstallation Costs (adjusted to 2010 dollars) 
Basedon SRP DLNl Instabtion Costs (adjusted IO 2OlOdollars) 
Based on SRP DLNl Installation Costs (adjusted IO 2010 dollars) 
Basedon SRP DLNl lnstallationCosts(adjusledIO2010dollars) Field Services 

Torcrl I d r e d  GlpW CoSe (IC) 5103, 

Contingency $83 1 , Z q  

To& Capital Investment (TCI) 
Capital Recovery Factor = i(l+ ir / ( I  + i)" - I 
Aaem.Uud Capital Costs 
(Capital Recaver Factor I Total Capital Investment) 

0.1106 "'1 S551.4 

sum of Lnct capital costs, m&& capltal costp, and conungency 

!O hfe OfeqUIpnent (years )  

% pretax margmal rate o f n m  on pnvate rnvcstment 
I 
I 

IPERATING COSTS I BUh 
Operatlog & Maintarnee Costa 

Vuiabk O&M C w b  
Ammonia Injection Rate ( Ibk)  
Catalyst Volume (A3) 
Ammonia Reagent Cost 
Catalyst ReplacRnent Cost 
S p t  Catalyst Handling Cost 
A u x i l i  Power Cost 

Fire4 O&M C w b  

I 

$22, 4 
NA 
NA 

VA 

N Based on nduced power ouaUt at full load (bled to the left m hv), and S S O M W h  

Total Varioble O&MCosr s22.000 

Additional operators per shift 

Indirect operating cost 
Property Taxes 
Insurance 

ume no additional indirect operating costs 

Admuustrstion 
Total Indmct @erairng Cost s 

'OTAL ANNUAL COST 
Annt~.Uud Capital Cwt $551.4 4 

Page 6 of10 
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Report No. SL-10495 Cost Evaluation 
Si-CO Catalyst 

CT Heat Input (mmBtpmr) 
Approrin8te M W  output 
Baseline CO Edlrion Rate (lWmmBtu) 
Port CO Catalyst Elahsion Rate (IblmmBtu) 
V. Reduction wl CO CaWyat Upgrada 
Stack FIue G8S FIow Rate (scfm) 
Capacity Factor used fur C a t  Elmates (%) 

800.0 
90.0 
0.027 
0.013 
50% 

489,060 
11.6% 

. .  . . . .  
. . .  . .  

I .  . 

. .  

. .  
. ,  . . .  

Based on budgetary costa for oudanon catalyst s y s m  upsrada Includes costa for catalys 
replacement and Ixw tntemal frame 
included 111 co caatrol equipment cost 

Control Eqlupment 
Insmentalion 
Sales Taxes 

Direct IortaIIathm Costs 

I 
General Facilities 
Engineering and Home Office Fees 
Roeffs contingency 

$31.8 
$2438 Torol Inrlincr C#aI Costs (IC) 

Contispncy 

ToaJ Capitol Imshnent (TCO 
CapitslRecovetyFactor=i(l+iPI(I +i)'- I 
AOOU&Z~ CapitaI Cosb 
(Capital Recover Factor 'I TOW Capital Investment) 

$324,0001 

 lo.^ 
Calculated as p e n t  of Tml D~rcci Capital Cos& Bared on OAQPS Capital Cost FactoF 
for an SCR syrtnn (Section 4, Chapter 21, and auurmng hat the same facton wwld apply 

5% an Oxldallo" Catalyst s y s m  
% 

of dirst and indirect capital costs. 

sum of dim1 capital c o w  indirect capital costs, and contingency 

life of equipment (years) 

I 

PERATINC & MAINTENANCE COSTS I Bub 

Variable O&M Cosh 
Reagent Cost $0 NA 

Catalyst Volume (in d)  calculated based on the exhaust gas flow rate and the space veloeit 

Based on the differetal catalyst cost (Wh reductma vs 80% reduction) (E 1,060,OCKl- 

B d  a0 the mmeased p m v n  drop across the CO catalyst (hsted to the left m mcha), 80 

323 17 hsted to the left ( l h )  Catalyst Volume 

Catslyst Replacement Cost $173.000 $194,ooO) and 5 year catalya hfe 

Auxiliary Power Cost $8,000 kW/mch auxiliary power requueme~~s and SSWM7uh 

Total Variable O&M Cost $181,000 

Fixed O&M Costs 
Additional Operators per shift 
operatins Labor 
Supervision 
Maintenance Labor and Materials 

Total Direct Annual Costs 

Indirect Annual Operating Cost 
property Taxes m e  no addlnond mndimt -ring costs 

Insurance 
Administration $C 

Total Indirect Operating Cost $0 

TOW Annual Operating & Maintenance Cost $181,000 

OTAL ANNUAL COST 
Annnllhcd Canital Cost $215. oool 

Page 7 of1 0 

. . . . . .  . . . . .  . . . .  .,. . 
.,. , . . .  . .- . . . . . .  . .  . . . .  . _ .  . 

.<-A&-- 4U-b .,&& 

Sargent (L Lundy, LLC 



Cost Evaluation 
S2-CO Catalyst 

Report No. SL-10495 

S R P - s . a t . . c C a e n ~ S ~ n  
unit s2 - co Cnotrol costs 

.. 
Baseline CO Emission Rate (Ib/mmBtu) 
Port CO Catalyst Elakslon Rate (Ib/mmBtn) 
% Reduaion w/ CO Catalyst Upgraded 
Stack Flue Gas Flow Rate (xfm) 
Capacity Factor uaed lor Cost Estimates (%) 

90.0 
0.022 
0.011 

12.4% . d .  

APITAL COSTS IS1 Bulr 

Direct Capital Costa 
Based on budgetary costs for oudahon catalyst system upgrades Includes costs for catalyr 

Cauol  Equipmea P I  ,060,ooo replacement and new imnaal h m e  
loshumentahon so Included III CO control equipment cost 
Sales Taxes Included in CO control equipment cost 

Direct IostaOation Costa 

ladirect CaplW Corts 
General Facilities 
Engineering and Home Office Fees 
Process Catineencv - .  
Stanup and Performane Tests S31.800 

5243,800 Totsl I&& CPpitrJ Coda (IC) 

Contingency S 3 2 4 . d  

Calcvlated as percent of Total Lhrect Capital Cams Bagcd on OAQPS Cspltal Cost Fac!n@ 
5% for an SCR system (Section 4, Chapter 2). and asJurmng that the same factors would apply 
% an Onidahon Catalyst System 

of direct and indimt capital costs. 

Total Capital Inves%num (TCI) 

Anan.Uzed CaplW Costs 
(Capital Recover Factor x Total Capltal Investment) 

sum of &nct capital cos@ lnmrect capttal cmt8, and conhogency 

Capital Recovery Factor = I( I+ IT / ( I  + I ) ~  ~ 1 hfe of eqlupment (yeas) 

pretax margmal rate of return on pnvate mvestment 

Catalyst Volume (in 2) calculated based OII the exhaust gas flow rate and the space velocit 
ltstedtothel&(lh) 
Based on the diffmtial catalyst cmt (W? reducnon vs 80% reduction) (51,060,000 - 
S194.oW) and 5 year catalyst hfe 

Catalyst Volume 

Catalyst Replacement Cost 
the increased prrssvrc drop atalyst (hsted to the left tn inches), 80 

Fixed O&M Cosb 
Additional Operators per shift 
Operatmg Labor 
Supervision 
Maintenance Labor and Matenals 

Total Direct Annual Costs s 

I Indirect Annual Operating Cost 
property Taxes 
Insurance 
Administration s q  

Total Indirect Operating Cost 

Total Annual Operathg & Maintenance Cost $182, 

OTAL ANNUAL COST I 
Annunlized Capital Cost $215,000 
AMUP1 Operating & Maintenance Cost $182,000 

Total Annual Cost $397,000 

Page 8 of10 Sargent 8 Lundy, LLC 



CT Heat Inpnt (mmBtlllbr) -si.O I 
Anomximate hzw outnut 90.0 . .  

Cost Evaluation 
S3-CO Catalyst 

Report No. SL-10495 

.. 
:E I 

Baseline CO Emisdon Rate (lb/mmBhi) 
Post CO CiOyrt Emission Rate (Ib/mmBtu) 

Staek Flue Cu Flon Rate (scfm) 
* 7  

% Reduetlan wl CO Catalyst Upgrades 
489,060 . .  

Capacity Factor used lor Cost Estimates (%) 19.0% . .  
50% 

. . . . . . .  - ,  . . .* . . . . .  . , . .  . . . . .  . . . . . . .  : ,  ~ ( ~ 1  , . .__ . I . ~j . 

Contml Equipment 
Instlumentntion 
Sales Taxes 

Baed on bvdgetary costs for oxldat~on catalyst system upgrades Includes costs for catalys 
replacement and new internal frame 
Included in CO control equipment cost 

I% lncluded in CO control equipment cost 

Freight 0% Included in CO control equipment cost 
Totd Purchaced Equipment Cost 

Dired InstlOation Costs 

Indirect Capital Costa 
General Facilities 
Engineering and Home Office Fees 
Rocess contingency 

$106, s534 $53, 
Startup and Performance Tests S 3 1 , S d  

Total Indireci Capital Cos& (IC) $243 

Contingency S 3 2 4 . d  

T a d  Capital I n m w  (TCI) 
Capital Recovery Factor= i(l+ ip I ( I  + i)" - 1 
Annn.tized Capital Costa 
(CapIW Reeover Factor I Total Capital Investment) 

0.11 

$2*5,Wo( 

Caiculated a penseat ofTotal mmt capttai costs B ~ S C ~  on OAQPS capltai cost FSC~OF 

5% for an SCR sysMI (Sectton 4, Chapter 2). and auvrmng that the same factors would apply 
% an OXldatlon Catalyst system 

of direct and idma capital CON. 

sum of direct capital costs, indirect capitnl costs, and contingency 

life of equipment (years) 

pretax margtnd rate of rem on private investment 

I 

'PERATINC & MAINTENANCE COSTS I Bwir 

Variable O&M Costs 
Reagent Cost $4 NA 

Catalyst Volume 3231 

Catalyst Replacement Cost 4 $173.0 

Catalyst Volume (in R') calculated based on the exhaust gas flow rate and the space velocit 

Based on the drfferehal catalyst cmt (60% reductton v8 80% reductton) (S1,060,0W - 

Based on the increased pttsm drop across the CO catalyst (hsted to the left in inches), 80 

67 llsUdtotheleft(lihr) 

n 5194,oOO) and 5 year catalyst hfe 

Auxillsly Power Cost $lO,oOol 
Total Variable O&M Cost $183, 

. . . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . .  , . . . .  , . . .  . . . . . . . .  . , ~ _ I .  . , , . . , . , . Fixed O&M Costs . . . .  
Additional Operators per shift 
Operating Labor 
Supervision 
Maintenance Labor and Materials 

Total Direct Annual Costs 

0. 
$ 

utne no addihonallndIrest opnatlng costs 
Indirect Annual Operating Cost 

Property Taxes 
Insurance 
Admimstration 

Total Indirect Operahng Cost 

Total Annual Operating & Maintenance Cost 

rOTAL ANNUAL COST 
Annuallzed Capital Cost 
Annnal Operating & Maintenance Cost 

Total Annual Cost $398,000 

Page 9 of1 0 Sargent & Lundy, LLC 



SRP- s.ntur cemath@St.tlon 
udt 54 - co cmbl costa 
oxidatbn c.t.lyct WO* 

Stack Floe Cas Flew Rate (din) 
Cap.crty Factor used for Cost Estimate6 (Ye) 

Cost Evaluation 
S4-CO Catalyst 

. .. . . . . _,. . . .. . . . . . . . . . , . . 
. .. . . . . . ,  
. . . . .. . 

Report No. SL-10495 

.. . . .  , 
, . . .  . . . , . . . , 
, '  , . .  . , , . . , . . . .  I 

APITAL COSTS Pi Bub 
Direct Capital Costa 

Based on budgetary casts far oudahon catalyst system upgrades Includes costs for cataly 
Control Equipment $1,o6o,ooO replacement and new interns1 frame 
lnseumen~tton $0 Included 'D co C o n v o l  eq"1pment cos3 
Sales Taxes $0 0% lnclvded in CO control eqwpment cos3 

Freight $0 0% Included ID co control qu1pnmt cost 
Tolol Purchased Equipment Cos1 $ I,o6o,OoO 

Indirect CapiW Costs 
General Facilities 
Engineering and Home Office Fees 
F'rocess Contingency 

Totel Indirrct Capiial Cab (IC) $243, 

IO% Calcvlsfed BJ percent of Total Olnct Capital Costs Based on OAQPS Capltal Cost Famz 
5% for an SCR system (Sechon 4, Chapter 2). and assmng that the rame fafuns would apply 

% an oxidation Catalyst system 

contlngency of d m t  and madired capital costs 

sum of d m t  capital costs mdired captal costs, and conhngency 

life of cqwpment (years) 

Catalyst Volume (in f?) cabdated based on the exhaust gas flow rate and the space veloci~ 

Based on the diffmehal cstalyst cost (W? redmchon VI 80% reducl~on) ($I,MO,WO - 
5194,OOO) and 5 year catalyst hfe 

17 listed to the left ( I h )  Catalyst Volume 

Catalyst Replacmen: Cos: 

Fued O&M Costs 
Additional Operators per shift 
Operating Labor 

m e  no additional fixed O&M costs 

Supervision 
Maintenance Labor and Materials 

Total Direct Annual Costs 

Indirect Annual Operating Cost 
Property Taxes 
Insurance 
Administration 

Total Indirect Operating Cost 

Total Annual Operating & Maintenance Cost 
I 

'OTAL ANNUAL COST 
Annualized Capital Cost $215, owl 
Annual Operating & Maintenance Cost $185.000 

Total Annual Cost $400.000 

Page 10 of10 Sargent 8 Lundy, LLC 
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CO Control Cost Sensitivities Versus Capacity Factors (Units 1-4) 
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Reference Documents for Estimating Cost Thresholds 
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New York State Department of Environmental Conservation, “Air Guide 20 Economic and 
Technical Analysis for Reasonably Available Control Technology.” 

Memorandum from Colin Campbell (RTP Environmental Associates) to Corey Frank (Hyperion 
Resources), “Targets for Air Emissions Best Available Control Technology,” February 28,2007 

Florida Municipal Power Agency and Keys Energy Services, Prevention of Significant 
Deterioration Air Permit Application for Stock Island Power Plant Combustion Turbine Unit 4, 
October 2004. 

Westar Energy Letter to Ms. Mindy Bowman, Kansas Department of Health and Environment, 
”Response to USEPA Comments on Draft PSD Permit for Emporia Energy Center,” April 13, 
2007. 

Commonwealth of Kentucky Energy and Environment Cabinet Department of Environmental 
Protection Division of Air Quality, “Revised Statement of Basis, Title V Draft Permit, No. V-05- 
070 R2, East Kentucky Power Cooperative, Inc. J.K. Smith Generating Station,” August 28, 
2008. 

United States Environmental Protection Agency Region 4, “National Combustion Turbine 
Spreadsheet,” March 30,2005. 

Montana Department of Environmental Quality Permitting and Compliance Division, “Air 
Quality Permit ##4256-00, Basin Electric Power Cooperative - Culbertson Generating Station,” 
January 2 1,2009. 

United States Environmental Protection Agency, Air Pollution Control Technology Fact Sheet - 
Selective Catalytic Reduction, EPA-452/F-03-032. 

Florida Power & Light Company, PSD Permit Application for the Turkey Point Fossil Plant Unit 
5 ,  November 4,2003. 

Florida Department of Environmental Protection, “Technical Evaluation and Preliminary 
Determination, Florida Power & Light Company FPL Turkey Point Fossil Plant 1,150-Megawatt 
Combined Cycle Power Project,” May 28,2004. 

Florida Power & Light Company, PSD Permit Application for the West County Energy Center, 
November 2007. 
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Santan Emissions Operating and Maintenance Practices Assessment Report 
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This Document was prepared by Sargent & Lundy, L.L.C., expressly for the sole use of Salt River Project 
in accordance with the agreement between S&L and Client. This Deliverable was prepared using the 
degree of skill and care ordinarily exercised by engineers practicing under similar circumstances. Client 
acknowledges: (1) S&L prepared this Deliverable subject to the particular scope limitations, budgetary 
and time constraints, and business objectives of the Client; (2) information and data provided by others 
may not have been independently verified by S&L; and (3) the information and data contained in this 
Deliverable are time sensitive and changes in the data, applicable codes, standards, and acceptable 
engineering practices may invalidate the findings of this Deliverable. Any use or reliance upon this 
Deliverable by third parties shall be at their sole risk. 
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